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Abstract 
Textile industry is a major manufacturing industry in Hong Kong producing 
considerable amount of effluent that possesses toxic effect to the aquatic ecosystem. 
The current discharge standards based on concentration of chemical components are 
impractical to protect the aquatic environment. Discharge standards based on whole 
effluent toxicity would be an ultimate solution. 
In the present study, Microtox® test, algal growth inhibition test and survival test of 
amphipod and fish were used to assess toxicity of whole effluent samples collected 
from textile industry. Results in the present study indicated that algal growth 
inhibition test was not sensitive to detect toxicity in the whole effluent samples. 
Toxicity identification evaluation (TIE) using manipulations of filtration, aeration, 
anion exchange, cation exchange, C18 solid phase extraction and activated carbon 
extraction in conjunction with Microtox® test and survival test of amphipod were 
conducted to characterize the natures of toxicants in whole effluent as anions, metals 
and organic compounds. 
In addition, concentrations of anions, metals and total organic carbon (TOC) were 
measured by ion chromatography, inductively coupled plasma emission spectroscopy 
(ICP) and total organic carbon analyzer respectively in the whole effluent samples and 
fractionated portions. Correlations between toxicity reduction and chemical reduction 
after each manipulation confirmed that the major toxicants in whole effluent samples 
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The rapid economic and population growth of Hong Kong lead to an overloaded and 
inadequate sewage system. Nearly half of the domestic sewage and industrial effluent 
enter the aquatic environment without any form of treatment (Hong Kong Government 
Environmental Protection Department, 1993). Being one of the major manufacturing 
industries in Hong Kong, textile factories produce considerable amount of wastewater 
that possesses possible impacts to the aquatic ecosystem. 
In this chapter, the current situation of textile industry in Hong Kong and its associated 
pollution problem are introduced. Some related environmental legislation in Hong Kong 
is presented and two different approaches to set wastewater discharge standards, namely 
chemical specific approach and toxicity-based approach, are compared. Two toxicity 
assessment strategies, namely whole-effluent toxicity test and toxicity identification 
evaluation, are introduced and finally, the needs for the use of ecotoxicology concept on 
toxicity assessments are addressed. 
1.2 Textiles Industry in Hong Kong 
The textiles industry is the third largest manufacturing industry in Hong Kong in terms of 
export earnings and fourth with regard to gross output. It is also the fourth largest 
employer in the manufacturing sector. 
In 1995，2,143 establishments (6.9% of the total manufacturing establishments) were 
engaged in the textiles industry, employing 28,194 workers (7.3% of the total 
manufacturing employment). These establishments employed on average 13 persons 
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each in 1995，which was slightly above the average employment size of 12 for the whole 
manufacturing sector. 
The textile-finishing sector (including bleaching and dyeing, textile stencilling and 
printing) was the largest sector for the industry in terms of establishments and 
employment. In 1995，this sector accounted for 31.8% of the industry's total 
establishments and 40.0% of the industry's employment. The spinning and weaving 
sector was second, taking up 21.2% and 36.0% of the industry's total establishments and 
employment respectively in 1995. Other important sectors included the knitting sector 
and the made-up textile goods sector (Hong Kong Government Industry Department, 
1996). 
For these textile-finishing factories, a significant number ofthem operate 24 h each day in 
2 or 3 shifts. A typical small bleaching and dyeing factory employs around 30 workers in 
shifts，the amount of water consumption is roughly in the order of 400 mVday (Hong 
Kong Government Industry Department, 1995). Of all the bleaching and dyeing 
factories, although approximately 80% were located within the declared Water Control 
Zones，the majority of the establishments do not have wastewater treatment systems 
installed (Hong Kong Government Industry Department, 1993). 
1.3 Processes Involved in Textiles Industry 
Detailed descriptions of the operations of textiles industry have been documented by 
many authors (Hong Kong Government Industry Department, 1994，1995; Snowden-
Swan，1995). Generally, production in textiles industry includes the following steps: 
• Generation ofausable fiber from either a natural source (i.e., cotton, wool and silk) or 
from a manufactured source (polyester, rayon and nylon). 
• Production of yam for knitted and woven fabrics. 
2 
• Construction of product through knitting, weaving and nonwoven or other methods. 
• Preparation, bleaching, dyeing, printing and finishing to produce finished fabric. 
• Fabrication to produce final product (i.e., garment, household item, industrial or 
specialty product). 
The scope of these studies focuses on bleaching and dyeing step, which is considered 
most energy-, water-, and chemical-intensive. Within the industry, approximately 60 
percent of the total energy consumed are within this wet-processing stage (Badin and 
Lowitt, 1988). Most of this wet-processing involves treatment with chemical baths, 
which often require washing, rinsing, and drying steps between key treatment steps. 
Consequently, large volumes of wastewater are generated with a very diverse range of 
contaminants that must be treated prior to disposal. Thus, much energy is consumed to 
heat and cool chemical baths and washwater and to dry fabrics or yams. 
1.3.1 Typical Stages in Bleaching and Dyeing Step 
The bleaching and dyeing industry is diverse in terms of the raw materials and techniques 
employed, chemicals used and the final products. Although the stages involved may be 
different for different raw materials and techniques, the basic steps are very similar. A 






• Dyeing or Printing 
3 
• Final Finishing 
Each ofthese processes is usually followed by one or more associated rinsing steps. 
a. Desizing 
Fabric coming directly from the loom or knitting machine usually contains impurities. 
For wovens, the major impurity is generally a sizing compound, material applied to the 
yam during the slashing step to minimize yam damage from abrasion and to maximize 
weaving efficiency. The sizing is a film-forming stiffening agent, such as starch, 
carboxymethyl cellulose (CMC), or polyvinyl alcohol (PVA). In desizing, fabric is 
• 
treated with a compound that is complementary to the sizing agent previously used. 
Starch is hydrolyzed by the action of enzymes (on natural sizes) or sulphuric acid (on 
both natural and synthetic sizes), and the system is run at elevated temperature to increase 
the speed ofthe process. The fabric is then washed completely to remove the impurities. 
b. Scouring 
In order to remove various types of organic and inorganic impurities such as pectin, wax 
and dust present in natural fiber, the cotton and silk cloth are treated with hot caustic 
solution in the scouring process. There are a variety of chemicals used, including sodium 
hydroxide, detergents, and occasionally solvents for treating manmade fibers. Fabric is 
then thoroughly washed to remove scouring solution. 
c. Bleaching 
Bleaching removes the natural color of the fabric or yam and provides a uniform white 
surface for dyeing or printing. Chemicals commonly used are chlorine, hypochlorite, 
sodium hypochlorite or hydrogen peroxide. 
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d. Mercerizing 
For processing of cotton woven fabric, mercerizing is required so that the material 
acquires the desired properties of luster, increased strength, increased dye uptake and 
increased absorbency towards moisture. In this stage, the fabric is held with or without 
tension while being saturated with 10 to 30% caustic soda. This alkali treatment converts 
the fiber's crystalline structure from cellulose I to the cellulose II form (Ellis, 1995). 
Then the fabric is rinsed thoroughly under tension after mercerizing is finished. 
e. Dyeing and Printing 
After the above preparation steps, color is applied to fabric through dyeing or printing. 
Different types of dye are used depending on the effect required. The types of dye 
commonly used in Hong Kong including reactive, disperse, sulphur, direct and vat dyes. 
Direct and fiber reactive dyes have a fixation of 90 to 95 % and 60 to 90 %�respectively, 
while disperse dye is 80 to 90 %. Mividual dyes possess unique chemical characteristics 
that are suitable for a specific type of fiber, a desired color and quality of the dyed 
material, the type of equipment to be used, and other considerations. 
f. Finishing 
The finishing process is to alter the properties of the fabric affecting the care, comfort, 
durability, environmental resistance, aesthetic value and human safety. It involves variety 
of chemicals ranging from anti-static to shrink-resistant to flame-resistant treatments and 
etc. -
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1.4 Characterization ofTextile Wastewater 
The effluent from textiles industry contains a wide variety of chemicals due to the 
diversity of different steps in processing. The main problems arisen from bleaching and 
dyeing operations are the large volumes of water generated in washing and rinsing and 
the associated high temperature and pH. In general, the effluent from textile industry is 
colored, highly alkaline, high in biochemical oxygen demand (BOD), chemical oxygen 
demand (COD) and suspended solids (SS), and contains metals and sulphur compounds. 
The main sources of pollutants include: 
1.4.1 Desizing 
The wastewater characteristics from the desizing step vary according to the size used. 
The wastewater may contain detergents for synthetic sizes of specific enzymes for starch 
and modified starch (Pollution Research Group, 1983). The wastewater will contain also 
the additives used in the size recipes such as surfactants, acids, alkalis and the sizes 
themselves (Smith, 1992). The generated wastewater can be the largest contributor to the 
BOD and SS in the final effluent. 
1.4.2 Scouring 
The wastewater from scouring step may contain hot caustic soda. Herbicides, 
insecticides, defoliants and desiccants used in growing of cotton, along with fungicides 
such as pentachlorophenols used to prevent mildew during storage and transportation, can 
also arise in scouring wastewater (Lockerbie, 1994). Scouring wastewater are thus 
chemically aggressive and may be toxic. Their solid content, resulting from the alkali and 
from impurities in the raw cotton material, is generally high. 
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1.4.3 Bleaching 
Bleaching is an oxidation process usually use hydrogen peroxide, chlorine, sodium 
chlorite or sodium hypochlorite. Auxiliary chemicals such as sulphuric acid, 
hydrochloric acid, sodium hydroxide, sodium bisulphite, surfactants and chelating agents 
are generally used during bleaching or in the final rinses (Nolan, 1972; Cooper, 1978). 
Bleaching wastewater usually has a high solids content with low to moderate BOD levels. 
The dissolved oxygen content of these wastewater can be unusually high due to the 
decomposition ofhydrogen peroxide (Porter, 1970). Nevertheless, chloride or hydrogen 
peroxide can cause toxicity problems in biological treatment processes (Cooper, 1978). 
1.4.4 Mercerizing 
Mercerizing wastewater have low BOD and total solid levels but are highly alkaline prior 
to neutralization (Nolan, 1972; Cooper, 1978). The low BOD content arises from 
surfactants and penetrating agents used as auxiliary chemicals (Organization for 
Economic Co-operation and Development, 1981). 
1.4.5 Dyeing and Printing 
Residual dyes coupled with the organic and inorganic auxiliary chemicals such as 
leveling, antifoam and wetting agents are responsible for color, dissolved solids and high 
BOD and COD in dyeing wastewater. The wastewater characteristics depend on the dye, 
the fiber and method of dyeing. In general the wastewater have a high color content, high 
dissolved solid and moderate BOD values (Homing, 1978). 
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Sulphur compounds due to the use of sulphur dyes and copper sulphate for wet fastness 
improvement may present in the wastewater. Heavy metals can also arise from either the 
metallic part of the dye molecule, as is the case for chromium in acid dyes or copper in 
direct dyes, or from other materials used in the dyeing process. Heavy metal level 
contents of less than 100 mg/L have been reported in the case of non-metallized dyestuff 
(American Dye Manufacturers Institute, 1973). In the case of metallized dyes and metal 
salts dyes reported levels of metals have been considerably higher. Results showed that 
the toxic metals such as cadmium, chromium, copper, lead and zinc may all be present in 
dyeing wastewater (Homing, 1978). 
1.4.6 Finishing 
Whilst low in volume, the wastewater from these finishing operations are extremely 
variable in composition and can contain toxic organic substances such as 
pentachlorophenols and ethylchlorophosphates (Organization for Economic Co-operation 
and Development, 1981). 
1.5 Toxicity of Pollutants from Textiles Industry 
The environmental problems caused by textiles industry is severe due to its use of large 
amount and highly diverse of chemicals. Literature reviews show that pollutants from 
textiles industry may cause pulmonary disease (Clottens et al., 1997), bladder cancer 
(Zheng et al., 1992; Shaham et al, 1996), squamous cell carcinoma (Luce et al., 1991), 
hematopoietic and lymphoproliferative cancer (Linet et al., 1994), pernicious anemia 
(Roman et al., 1991), oral or oropharyngeal cancer (Merletti, 1991) and ischaemac heart 
disease (Tuchsen et al., 1992) in human. In addition, a large number of textile 
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wastewater samples reacted mutagenically in the Ames test and showed mutagenic 
potential in V79 hamster cell test for chromosomal aberrations (Jaeger et al., 1996). 
1.6 Related Environmental Legislation in Hong Kong 
To improve the quality of air and water in Hong Kong and to protect aquatic life, the 
government has issued ordinances and regulations concerning waste management based 
on chemical specific approach. The legislation outlining: 
• the effluent standards that dischargers are expected to meet, 
• the fines and extra costs incurable should the premise fail to meet those standards, and 
• the requirements of waste disposal. 
Some environmental legislation is relevant to textiles industry, including Water Pollution 
Control Ordinance and Waste Disposal Ordinance. 
1.6.1 Water Pollution Control Ordinance 
This Ordinance and its associated Technical Memorandum on Effluent Standards (Hong 
Kong Government Environmental Protection Department, 1991) sets the limits that make 
effluents acceptable into foul sewers, storm water drains, inland and coastal waters. The 
limits control the physical, chemical and microbial quality of effluents. Standards 
relevant to textiles industry are pH, temperature, suspended solids, BOD, COD, metals, 
and anions etc. 
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1.6.2 Waste Disposal Ordinance 
Waste Disposal (Chemical Waste) (General) Regulation under the Waste Disposal 
Ordinance controls the possession, storage, collection, transportation and disposal of 
chemical wastes. All chemical waste producers are required to register with the Director 
ofEnviromnental Protection. 
t i addition to legislative controls, textile manufacturers are required to pay General 
Sewage Charge and Trade Effluent Surcharge based on the "Polluter Pays Principle" if 
they produce effluent above the average strength of domestic sewage. Furthermore, they 
are also required to pay for disposal of chemical waste at the Chemical Waste Treatment 
Center as most bleachers and dyers generate some amount of chemical wastes such as 
spent acid and alkaline, and sludge in the case of existing in-house wastewater treatment 
system. 
1.6.3 General Sewage Charge 
Hong Kong Government has levied sewage charges to all wastewater generators 
including domestic, commercial and industrial generators, through the provisions of the 
Sewage Services (Sewage Charges) Regulation, which has come into effect in April 1995. 
The sewage charge is calculated based on the water consumption. 
1 • 6.4 Trade Effluent Surcharge 
Trade Effluent Surcharge (TES) has been imposed to a wide range of the industries, 
whose trade effluent COD levels are in excess of the equivalent strength of domestic 
sewage, through the provisions of the Sewage Services (Trade Effluent Surcharge) 
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Regulation which has come into effect in April 1995. fe principle, the TES is calculated 
based on the wastewater COD loading. 
The bleaching, dyeing and finishing sector has been the most seriously affected sector of 
the industry. Manufacturers installed pollution control equipment and/or adopted cleaner 
production processes to ensure compliance with the relevant legislation and avoid 
additional charges. In this regard, government funding has been granted for the 
development of clean production technologies such as waste minimization and waste 
recycling for the sector (Hong Kong Government Industry Department, 1996). 
1.7 Chemical Specific Approach 
The Hong Kong Government currently using the criteria derived from chemical-specific 
approach to determine the discharge permits for wastewater. Effluent can be discharged 
ifeach of the concentration of the chemicals in the effluent does not excess the discharge 
standard. In this approach, criteria are based on the effects ofaspecific element or pure 
compound on aquatic organisms. In United States, the values from the tests are used to 
generate acute and chronic chemical-specific criteria to protect 95% ofaquatic organisms 
95% of the time (Stephan et al, 1985). The advantages of this approach are that the 
complete toxicity as well as the fate ofthe specific compounds can be known. However, 
it is impossible to set criteria for all substances used in the world, and there are no criteria 
at present for many chemicals, although some of which are known potential pollutants 
(United States Environmental Protection Agency, 1991). In addition, the possible 
interactions (antagonistic and synergistic) among chemical constituents in a complex 
effluent are largely ignored since criteria are developed for pure compounds only (United 
States Environmental Protection Agency, 1986). Moreover, discharge limits derived 
from chemical-specific approach may have little relevance to a given site. This is 
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particularly true for substances which may be present in an effluent in a different (and 
less toxic) form than that tested in the criteria development process (Diamond et al., 
1994). Furthermore, this approach is human oriented but not biological oriented that the 
bioavailability of the chemical has not been measured and the toxic effect towards the 
ecosystem does not know. 
1.8 Toxicity Based Approach 
Toxicity based approach, in contrast with chemical specific approach, is a biological 
oriented approach to set criteria for effluent discharge. It uses bioassays directly or 
indirectly assesses potential target biota responses to an effluent through sensitive species 
&sting (Birge and Black, 1985)，therefore it can more effectively protect the aquatic 
ecosystem and become an important tool to characterize complex chemical mixtures in 
effluent. 
Bioassays are useful for a variety ofpurposes that include determining (American Public 
Health Association, 1992): 
• suitability of environmental conditions for aquatic life, 
• favorable and unfavorable environmental factors, such as DO, pH, temperature, 
salinity, or turbidity, 
• effect of environmental factors on waste toxicity, 
• toxicity of wastes to a test species, 
• relative sensitivity of aquatic organisms to an effluent or toxicant, 
• amount and type of waste treatment needed to meet water pollution control 
requirements, 
• effectiveness of waste treatment methods, 
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• permissible effluent discharge rates, and 
• compliance with water quality standards, effluent requirements, and discharge 
permits. 
1.8.1 Selection of Organ isms for Bioassays 
The bioassays should provide an effective means of assessing toxicant or effluent 
toxicity. In the selection of organisms for bioassays, the following criteria should be 
considered: (Swartz, 1987; Reish, 1988; Lamberson et al., 1992; Wharfe and Tinsley, 
1995) 
• ecological importance, 
• economical importance, 
• relative sensitivity, 
• ease of collection or purchasing, 
• convenient size, 
• adaptation in laboratory (ease ofhandling), 
• indigenous to disposal site or closely related to an indigenous species, 
• costs ofimplementing and conducting the test, 
• graduation of response, 
• repeatability and reproducibility, 
• genetic uniformity, and 
• rapidity of test. 
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1.9 Whole-Effluent Toxicity CWET) Test 
The whole-effluent toxicity (WET) testing method used toxicity-based approach to 
control toxics for the protection of aquatic life that involves the use of acute and chronic 
toxicity tests to measure wastewater toxicity. WET tests, when related to ambient 
conditions, yield a valid assessment of receiving water impact (Dom and van 
Compemolle, 1995). Li conducting the WET test, the original whole effluent, instead of 
each of its chemical component, is tested for toxicity using bioassays. The advantages of 
WET tests are that the exact composition ofthe effluent does not necessarily to be known 
while the interactions among the chemical components have been taken into account. 
The limitations ofWET tests are that no knowledge of causative toxicant(s) will be drawn 
and more different species of aquatic organisms should be used in order to know the 
complete toxicity of the effluent (United States Environmental Protection Agency, 1985). 
1.10 Toxicity Identification Evaluation 
Since WET tests carmot gain knowledge of causative toxicants, it would be better to 
develop a toxicant identification scheme to identify the responsible toxicants from a 
complex toxic effluent. Toxicity Identification Evaluation (TIE) (Burkhard and Ankley, 
1989) is an emerging scheme to quickly and cheaply identify those chemicals causing 
toxicity. The goal of the toxicity-based TIE is to separate the toxicants from the nontoxic 
components in the effluent prior to performing instrumental analysis. To isolate the 
toxicants, sample fractionation techniques in combination with toxicity tests are used. 
This approach allows the physical and chemical natures of the toxicant to be determined 
prior to instrumental analysis. Consequently, the correct analytical technique can be 
selected for detecting as well as identifying the toxicant in the subsample. In addition, 
significantly fewer chemical components are in the subsamples than are in the original 
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effluent, and thus the task of deciding which component is causing the toxicity is 
significantly easier. 
The toxicity-based TIE is divided into three phases. Phase I consists of methods to 
identify the physical and chemical nature of the constituents causing acute toxicity 
(Mount and Anderson-Camahan, 1988a). Phase I results are intended as a first step in 
identifying the toxicants, but the data generated also can be used to develop treatment 
methods to remove toxicity without identification of the toxicants, that is known to be 
Toxicity Reduction Evaluation (TRE). Phase II describes fractionation schemes and 
analytical methods to identify the toxicants (Mount and Anderson-Camahan, 1988b)�and 
Phase III describes procedures to confirm that the suspected toxicants are the cause ofthe 
observed toxicity (Mount, 1988). 
1,10.1 Phase I - Toxicant Characterization 
Phase I of TIE characterizes the physical and chemical properties of effluent toxicants by 
altering or rendering biologically unavailable generic classes of compounds with similar 
properties. Different manipulations, such as filtration, aeration, and different forms of 
extraction, will be performed on the complex whole effluent to obtain fractionated 
subsamples. Aquatic toxicity tests, performed on the effluent before and after the 
individual manipulations, indicate the effectiveness of the treatment and provide 
information on the nature of the toxicant. After Phase I，the toxicant can be tentatively 
categorized as having chemical characteristics of cationic metals, anions, organics, 
volatiles, oxidants or substances whose toxicity is pH dependent. Phase I also provides 
information on the filterability, volatility and solubility of the toxicant, which is useful for 
the development of effluent treatment processes to reduce toxicity. 
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1.10.2 Phase II 一 Toxicant Identification 
Although effluent toxicants are partially isolated in the Phase I, further separation from 
other compounds present in the effluent is usually necessary. The information obtained in 
phase I provide the analytical road map for performing the identification tasks in Phase II， 
knowing that the toxicants have similar physical or chemical preperties means that they 
can be identified in Phase II using similar techniques. In Phase II，toxicant specific 
instrumental analyses are performed on the toxic subsamples and generate a list of 
potential toxicants. 
1.10.3 Phase III- Toxicant Confirmation 
After Phase II identification process which identified suspect toxicants, Phase II is 
initiated to confirm that the suspects are indeed the true toxicants. The tools used in 
Phase III include correlation, relative species sensitivity and observation of symptoms etc. 
In most instances, no single Phase III test is adequate to confirm suspects as the true 
toxicants, so it is necessary to use multiple confirmation procedures. 
1.11 Ecotoxicology 
The primary criteria for test species selection in toxicity assessments should be the 
species' ecological and/or economical importance and its relative sensitivity (Swartz, 
1987). However, single species tests are often overprotective when large application 
factors are employed (Pontasch and Caims, 1991) and different species of aquatic 
organisms are not equally susceptible to the same toxicants (American Public Health 
Association, 1992)，therefore it would be better to use multispecies in different trophic 
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levels to assess toxicity of toxicants. In ecotoxicology, different indigenous species in 
different trophic levels along a food chain will be employed which consists of producer, 
primary consumer, secondary consumer, and decomposer, so that the toxic effects in the 
whole ecosystem can be assessed. In fact, multispecies toxicity tests (Giesy, 1980; 
Caims, 1985, 1986) are better predictors of ecosystem level effects than conventional 
single species toxicity tests (Pontasch and Caims, 1989). Moreover, multispecies toxicity 
tests are not only better models of exposure than single species toxicity tests, but they 
may also be no more expensive (Niederlehner et al., 1986; Caims and Pratt, 1987; Perez 




1. To assess acute aquatic toxicity of whole effluent from textile industry. 
2. To compare relative sensitivity of toxicity tests on whole effluent from textile 
industry, 
3. To correlate toxicity results among toxicity tests on whole effluent from textile 
industry. 
4. To correlate between chemical reduction and toxicity reduction after different 
treatment on textile industrial effluent. 
5. To identify major toxicant(s) in textile industrial whole effluent. 
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3. MATERIALS AND METHODS 
The study was divided into 3 main parts, namely, the whole effluent toxicity test, the 
Phase I and the Phase II Toxicity Identification Evaluation. 
3.1 Sources ofSamples 
A total of six whole effluent samples were collected from two textile factories in Hong 
Kong. Three samples were collected from each factory at about a two-month interval. 
Collected samples were immediately transported to laboratory and salinity was measured 
by an Atago S-10 refractometer and pH was measured by an Orion pH meter to give the 
initial pH (pHi). To minimize the potential for volatilization and biodegradation between 
sampling and analysis, samples were stored in 4°C refrigerator until use and all the 
subsequent analysis were commenced within one week. 
3.2 Whole Effluent Toxicity Test 
This part ofexperiments aims to assess the acute toxicity of the whole effluent samples to 
marine organisms and provide baseline toxicity data for the TIE Phase I experiment. 
Four bioassays using marine species of different trophic levels along a food chain were 
performed, and corresponding toxicity data were generated. 
3.2.1 Microtox® test 
Microtox® test is a toxicity test available commercially. The bioassay is based on the 
reduction in bioluminescence of a marine bacterium, Vibrio fischeri, following exposure 
to toxicants. A photometer is used to measure the light output of the luminescent bacteria 
after they are challenged by a sample (or toxicant) with known concentration, and the 
19 
light output is compared with that of a control (reagent blank) that contains no sample (or 
toxicant). A difference in light output is attributed to the effect of the sample on the 
luminescence of the bacteria. The degree of light loss (an indication of metabolic 
inhibition in the test organisms) indicates the degree of toxicity of the toxicant (Microbics 
Corporation, 1995). 
a. Sample preparation 
Salinity of test sample was adjusted to 30 °/oo by dissolving suitable amount of artificial 
seasalt (Instant Ocean®, Aquarium Systems, France). Thirty °/oo artificial seawater at pH 
8.0 was prepared by artificial seasalt (festant Ocean®) as dilution water. 
b. Procedures 
Toxicity bioassays were performed with a Microtox® Analyzer (Model 500, Microbics 
Corporation, USA) (Figure 1) following the basic test procedures outlined in the 
Microtox® Operation Manual (Microbics Corporation, 1995). All reagents and solutions 
were purchased from the Azur Environmental Corporation (formerly Microbics 
Corporation, USA). Reconstituted cells (approximately 10^ colony-forming units (CFU)) 
of Vibrio fischeri were exposed in duplicate to four dilutions of sample each in glass 
curvette (11.75 x 50 mm, Microbics Corporation). The change in bioluminescence was 
measured after 5 and 15 min at a constant temperature of 15°C. Toxicities were reported 
as the effective concentration (EC50) of sample resulting in a 50 % decrease in 
bioluminescence compared with that of control. EC50S and 95 % confidence intervals 
were calculated by a MTX7 software (Microbics Corporation, USA). 
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^ ^ 
Figure 1. Photography of the Microtox® Analyzer, Model 500’ Microbics Corporation. 
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3.2.2 Growth inhibition test of a marine unicellular microalga Chlorella pyrenoidosa 
CU-2 
The unicellular green microalga Chlorella pyrenoidosa CU-2 (Figure 2) was originally 
isolated from the estuarine surface water ofTolo Harbour, Hong Kong (Chan, 1991), and 
the stock culture was maintained in our laboratory. Stock culture of the alga was kept in 
algal culture solution (Table 1) and placed under constant temperature at 23±2 °C and dim 
light conditions. 
To prepare log phase subculture, 10 mL of inoculum algal cells were inoculated to 190 
mL algal culture solution (Table 1) in a 1,000 mL Erlenmeyer flask. Volume of the 
growth medium did not exceed two-fifths that of the flask to ensure adequate light 
penetration and aeration. All steps were carried out under aseptic conditions. The flask 
was then placed in a growth chamber at 23±2 °C for 2 weeks. Cool white fluorescent 
tubes with a light intensity of3.4 klux and a 14/10 h light-dark cycle were employed. 
a. Sample preparation 
Salinities of samples were adjusted to 30 %o by dissolving suitable amount of artificial 
seasalt (Instant Ocean®). Salinity adjusted samples were then filter-sterilized by 0.22 p,m 
membrane filter (Millipore, Bedford, UK), and 0.1 % of Solution 1 and 0.01 % of 
Solution 3 were added (Table 1). 
b. Procedures 
Samples were serially diluted with algal culture medium (Table 1). Four mL inoculum of 
Chlorella pyrenoidosa CU-2 from a log phase ofgrowth stock culture were added into the 
diluted samples and incubated in 125 mL Erlenmeyer flasks. The initial alga 
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Figure 2. Photography of the microalgae Chlorella pyrenoidosa CU-2. 
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Table 1. Preparation of algal culture solution for Chlorella pyrenoidosa CU-2. 
Solution No. 1  
Chemicals Weight  
Na2EDTA 4.5000 g 
H3BO3 3.3600 g 
NaNO3 10.0000g 
NaH2PO4 1.5381 g 
MnCl2.4H2O 0.0360 g 
FeCl3 0.0780 g 
Solution No. 2 0.100 mL  
The above were dissolved in 100 mL of distilled water, then autoclaved for 30 min at 121 
� C . 
Solution No. 2  
Chemicals Weight  
ZnCl2 2.1 g 
CoCl2.6H2O 2.0 g 
OMH4)6M07O24.H2O 0.9 g 
CuSO4.5H2O 2 ^  
The above were dissolved in 100 mL of distilled water and adjusted with conc. HC1 
(about 4 - 5 mL) in order to get a good dissolution, then autoclaved for 30 min at 121 °C. 
Solution No. 3  
Chemicals Weight  
Thiamin Hydrochloride 0.200 g 
Cyanocobalamin 0.010 g 
The above were dissolved in 100 mL of distilled water, then filter-sterilized with 0.22 |im 
membrane filter. 
Artificial Seawater 
Chemicals Weight  
Artificial seasalt 30 g 
Tris base 2.43 g  
The above were dissolved in 1000 mL of distilled water and adjusted to pH 7.6 with conc. 
HC1, then autoclaved for 30 min at 121 °C. 
Algal culture solution was prepared by adding 0.1 % of Solution No. 1 and 0.01 % of 
Solution No. 2 to Artificial Seawater. 
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concentrations were approximately 7.5xl0^ cells/mL. All experimental cultures, 
including the control, were prepared in triplicate and agitated at 100 rpm in an incubation 
room with 23±2 °C and illuminated by cool white fluorescent tubes with a light intensity 
of 3.4 klux with a 14/10 h light-dark cycle for 4 days. The absorbances at 690 nm 
(A690nm) of the culturcs were recorded by a microplate spectrometer (Model MR5000, 
Dynatech Laboratories) (Figure 3) at the beginning ofthe experiment and then daily for 4 
days. Two hundred ^iL each of cultures was taken and added into a well of 96-well 
microplate for spectrophotometric measurement ofA690nm-
Growth curve of absorbance at 690nm against time for each concentration ofsample was 
plotted. Growth rate of each day was calculated and the 4 days results were averaged to 
give the 4-d average growth rate for each sample concentration. 
The growth rate, i^, is defined by: 
M- (d_l) = [ln (A690nm,2/A690nm,l)]丨 fe — t,) 
where A690nm,2 = Aewnm at the end of selected time interval, 
A690nm,i = A690nm at the beginning of selected time interval, and 
t2 - ti = elapsed time between selected intervals, day. 
4-day average growth rate against concentration ofsample was also plotted. The growth 
rate of control was set as 100 % and the concentration of sample that inhibit the growth 
rate ofalgal culture to 50 % of the control (i.e. median inhibitory concentration, IC50) was 
obtained from the plot. 
^•2.3 Survival test of a marine amphipod Parhyale plumulosa 
Parhyale plumulosa (Figure 4) is a natural amphipod species in Tolo Harbour, Hong 
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Figure 4. Photography ofthe amphipod Parhyale plumulosa. 
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Parhyale plumulosa was naturally raised in a 3,000-L cement pond. The pond, where 
seawater flowed slowly, was kept aerating and covered by a layer of fibre cotton on the 
surface of water to offer a cool and dark environment for P. plumulosa. No food source 
was provided other than those available naturally in the pond. P. plumulosa usually likes 
to attach to fibre cotton or to creep on and bury into sediment. 
The detailed developmental process of Parhyale plumulosa is still not clear. Three to 
four mm long animals were selected for the toxicity test. The amphipods attached on 
fibre cotton were repeatedly flushed into a plastic bucket by seawater, and animals with 
suitable size were selected. The selected animals were starved and acclimated in artificial 
seawater for 24 h before used. 
a. Sample preparation 
Salinities of samples were adjusted to 30 °/oo by dissolving suitable amount of artificial 
seasalt (Instant Ocean®). Dilution water o f p H 8.0 and salinity 30 °/oo were prepared by 
dissolving artificial seasalt (Instant Ocean®) to distilled water. The dilution water was 
aerated with air for 24 h before used to ensure sufficient dissolved oxygen. 
b. Procedures 
Experiments were carried out in 250-mL beakers at 25�C. Samples were serially diluted 
with the dilution water and 200 mL of diluted samples were poured into beakers. 10 
acclimated animals were carefully transferred into the beakers using plastic pipettes. 
Duplicates were conducted for both controls (artificial seawater only) and treatments. 
Non-renewal static test method was used and no food was provided during the test period. 
The number of surviving animals in each beaker was recorded at the end of each 24-h 
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period for 48 h. Animals were considered to be dead if they did not exhibit any 
movement for 10 sec after stimulating by a fine glass rod. Dead organisms were removed 
during each observation period. 
The percentage of mortality was used to determine the median lethal concentration 
(LC50). LC50s and 95 % confidence intervals were calculated by computer softwares 
kindly provided by the Ecological Monitoring Research Division, Environmental 
monitoring Systems Laboratory, Cincinnati, USA. 
Generally, four different methods may be used to estimate the LC50, namely the 
Graphical Method, the Spearman-Karber Method, the Trimmed Spearaian-Karber j 
Method, and the Probit Method. The choice of method depends on the shape of the 
tolerance distribute, and how well the sample concentrations chosen characterize the 
cumulative distribution function for the tolerance distribution (i.e., the number of partial 
mortalities) ^"igure 5; Weber, 1993). 
3.2.4 Survival test of a marine fish Mylio macrocephalus 
Mylio macrocephalus (Figure 6) is a commonly reared fish by local fish farmer in Hong 
Kong. It usually occurs in the shallow coastal waters in Hong Kong, and its fry period 
lies in spring. The distinguishing features of this fish are its deep and compressed body, 
jaws with posterior molars, strong dorsal and anal fine spines, slightly forked caudal fin, 
and moderately large scales. The body color is uniformly dusky black while silvery 
below head and on belly, with transparent pectoral fin and black for ali other fms (Hong 
Kong Fish Marketing Organization, 1977). 
The animals were caught from the coastal of Tolo Harbour, Hong Kong. Three to four 
cm long fishjuveniles were used for the toxicity test. The animals with suitable size were 
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Figure 5. Flowchart for selecting method for determination ofLC50. 
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Figure 6. Photography of the fish Mylio macrocephalus. 
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reared in artificial seawater in a 100-L glass aquarium for at least 1 week before used and 
the animals were fed twice daily with chilled shrimp caught from the same coastal of 
Tolo Harbour, Hong Kong. Artificial seawater was renewed twice daily after each of the 
feeding to maintain high quality of water. And the water was aerating with air pump to 
ensure sufficient dissolved oxygen. The animals were starved for 1 d before the toxicity 
test commenced. 
a. Sample preparation 
Salinities of samples were adjusted to 30 /^00 by dissolving suitable amount of artificial 
seasalt (Instant Ocean®). Dilution water of pH 8.0 and salinity 30 %o were prepared by 
dissolving artificial seasalt (Instant Ocean®) to distilled water. The dilution water was 
aerated with air for 24 h before used to ensure sufficient dissolved oxygen. 
b. Procedures 
Experiments were carried out in 6-L glass aquariums at 25°C. Samples were serially 
diluted with the dilution water and 5-L of diluted samples were poured into aquariums. 
10 acclimated animals were carefully transferred into each of the aquarium using dipnets. 
Duplicates were conducted for both controls (artificial seawater only) and treatments. 
Non-renewal static test method was used and no food was provided during the test period. 
Aeration was provided by pumping air through glass pipettes into the solution, and 
aeration rate were maintained to approximately 100 bubble/min (Weber, 1993). The 
number of surviving animals in each beaker was recorded at the end of each 24-h period 
for 96 h. Dead organisms were removed at once being detected and during each 
observation period in order to maintain high quality of the water. 
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The % of mortality was used to determine the median lethal concentration (LC50). LC50S 
and 95 % confidence intervals were calculated in the same way as in the survival test of 
amphipod. 
3.3 Toxicity Identification Evaluation - Phase I 
This part of experiments aims to characterize the physical and chemical properties of the 
effluent toxicants using effluent manipulations and accompanying toxicity tests. All 
treated samples were followed by Microtox® test and survival test of amphipod as in the 
whole effluent toxicity tests and the results were compared with that in the whole effluent 
toxicity tests to indicate the effectiveness of the treatments on toxicity reduction. Percent 
toxicity reduction (% TR) was calculated by the percent decrease of toxicity unit (TU) of 
the sample after treatment: 
% T R i = ( 1 - T U i, after treatment 丨 T U j，before treatment) X 1 0 0 
where TUj = 100 / LC50 or EC50 for toxicity test i. 
Positive values indicated a decrease and negative values an increase in toxicity compared 
with the whole effluent toxicity values. 
3.2.1 pH adjustment filtration 
a. Principle 
This filtration experiment provides information on effluent toxicants associated with 
filterable material. Toxic pollutants associated with particles may be less biologically 
available. However, aquatic organisms can be exposed to these pollutants through 
ingestion of the particles. This route of exposure may be significant for filter feeders 
ingesting solids with sorbed toxicants. The degree to which any compound exists sorbed 
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or in solution depends on a number of factors including particle surface charge, surface 
area, compound polarity and charge, solubility and the effluent matrix. By filtering 
particles from the effluent, toxic chemicals may be removed. 
In addition to determining the effect of filtration on the toxicity of the whole effluent, the 
effects of pH adjustment in combination with filtration are also assessed with this 
manipulation. Changes in solution pH can result in the formation of insoluble complexes 
of metals and organic acids and bases existing in ionic form can be transformed into the 
non-ionic form by pH adjustment. Shifts in effluent pH can also act to drive dissolved 
toxicants onto particles in the effluent. Changes in toxicant polarity resulting from 
solution pH change can make some particle/toxicant interactions stronger. In other cases, 
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the shift in pH may force non-polar organic compounds onto unchanged surfaces to a 
greater extent. 
By filtering pH adjusted aliquots of effluents, those compounds typically in solution at 
unadjusted pH but insoluble or associated with particles to a greater extent at more 
extreme pHs are removed. By removing the toxicant-contaminated particles or 
precipitated compounds prior to readjustment of the sample to pHi, these toxicants are no 
longer available for dissolution in the effluent. The pH change may also destroy or 
dissolve the particles, thereby removing the sorption surfaces of driving the 
dissolved/sorbed equilibrium in the opposite direction fNorberg-King et al, 1991). 
b. Procedures 
First, the filters were prepared. Glass fabric filter (Whatman, GF/C, with 1.2 [im pore 
size) was washed with distilled water through the filter. For each of the pH adjusted 
effluent filtration test, the filter was washed with distilled water adjusted to the 
corresponding pH using HC1 or NaOH. Washing the filters with water adjusted to the 
34 
same pH as the effluent should prevent sample contamination with water soluble 
toxicants contained on the filters. 
Then, distilled water at the appropriate pH (i.e. pH 3，pH 7 and pHi accordingly) was 
filtered using vacuum pump and collected for the toxicity blanks. Finally the effluent 
samples at each of the three pHs were filtered. 
Blank preparation 
Filter blanks were prepared using distilled water adjusted to the corresponding pH using 
HC1 or NaOH. The pH adjusted distilled water was passed through the washed filter with 
the same pH and collected. All the filter blanks were then readjusted to pHi using HCl 
and NaOH. These filter blanks were used to detect the presence of any water-soluble 
toxicants which may remain on the filter following the washing step. 
Sample preparation 
Effluent samples were adjusted to pH 3，pH 7 and pHi respectively using HCl and NaOH. 
pH adjusted samples were then passed through the washed filters with the same pH and 
collected. All the filtered samples were finally readjusted to pHi using HCl and NaOH. 
3.3.2 pH adjustment aeration 
a. Principle 
pH adjustment aeration tests are designed to determine whether toxicity is attributable to 
volatile, oxidizable, or sublatable compounds. Different pHs affect the ionization state of 
polar toxicants, thus making them more or less volatile, and also affect the redox potential 
of the system. Under air sparging, oxidation and^or volatilization may occur. 
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Aeration can also remove surface active agents from solution by the process of sublation. 
Surface active agents have a polar end and a relatively non-polar, hydrocarbon end. 
Under sparging, surface active agents congregate at the liquid/gas interface of the gas 
bubbles and are carried along with the gas bubbles to the surface of the sparged liquid. 
As the bubbles break up, they are deposited and concentrated with continuous sparging at 




Aliquots of distilled water were adjusted to pH 3，pH 7 and pHi respectively with HC1 
and NaOH. pH-adjusted distilled water were sparged with air for 2 h using air pump 
through glass pipettes. All aeration blanks were then readjusted to pHi with HC1 and 
NaOH. These blanks were used to check whether toxicants were dissolved during this 
aeration step. 
Sample preparation 
Effluent samples adjusted to pH 3，pH 7 and pHi respectively were sparged with air for 2 
h using air pump through glass pipettes. The aerated samples were then immediately 
removed from the aeration vessels to avoid any sublated substance from redissolving into 
the sparged samples. All the aerated samples were finally readjusted to pHi with HC1 and 
NaOH. 
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3.3.3 Anion exchange 
a. Principle 
This anion exchange test is designed to determine the effluent toxicity caused by anions 
and organic acids. The effluent is passed through a column packed with strong anion 
exchange resin. Strong anion exchange resins contain functional groups of quartemary 
ammonium groups and are useful over a wide pH range. These resins can split neutral 
salts and convert them to their corresponding base. When effluent interact with the 
resins, anions and negatively charged moiety of organic acids will be exchanged with 
hydroxide ions and therefore be removed. 
b. Procedures 
Preparation of anion exchange column 
Anion exchange resin (Alltech SAX) was weighed out in amount of 1 g resin per 10 mL 
sample, made slurry with 1 M NaOH, and poured into glass column. To condition the 
anion exchange column, 2 portions (1 bed volume each) of 1 M NaOH were pumped 
through the column using a flow-rate of 1 mL/min and discarded. Then 2 portions (1 bed 
volume each) of filtered ultra pure water were pumped through the column using the 
same flow rate as for the NaOH. Care was taken to prevent the column from going dry 
during the conditioning step. 
Blank preparation 
Ultra-pure water was filtered through 1.2 i^m glass fabric filter and then pumped through 
conditioned anion exchange column using a flow rate of 1 mL/min. These post-column 
effluent were collected while the aliquot corresponding to the first bed volume was 
37 
discarded to avoid collecting the conditioning water in the void volume of the column. 
All blanks collected were readjusted to pHi using HC1 and NaOH. These blanks were 
used to detect any toxicant leached from the column. 
Sample preparation 
Effluent samples were filtered through 1.2 jj_m glass fabric filter and then pumped through 
conditioned anion exchange column using a flow rate of 1 mL/min. These post-column 
effluent were collected while the aliquot corresponding to the first bed volume was 
discarded to avoid collecting the conditioning water in the void volume of the column. 
All post column effluent collected were readjusted to pHi using HC1 and NaOH. 
3.3.4 Cation exchange 
a. Principle 
This cation exchange test is designed to determine the effluent toxicity caused by cationic 
metals and organic bases. The effluent is passed through a column packed with strong 
cation exchange resin. Strong cation exchange resins contain functional groups derived 
from a strong acid such as sulphuric acid. Their degree of ionization is analogous to that 
of a strong acid which permits the hydrogen to be dissociated and ready for exchange 
over a wide pH range. These resins can split neutral salts and convert them to their 
corresponding acid. When effluent interact with the resins, cations and positively charged 
moiety of organic bases will be exchanged with hydrogen ions and therefore be removed. 
b. Procedures 
Preparation of cation exchange column 
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Cation exchange resin (Amberlite ni-120 Plus(H)) was weighed out in amount of 1 g 
resin per 10 mL sample, made slurry with 1 M HC1, and poured into glass column. To 
condition the cation exchange column, 2 portions (1 bed volume each) of 1 M HC1 were 
pumped through the column using a flow-rate of 1 mL/min and discarded. Then 2 
portions (1 bed volume each) of filtered ultra pure water were pumped through the 
column using the same flow rate as for the HC1. Care was taken to prevent the column 
from going dry during the conditioning step. 
Blank preparation 
Ultra-pure water was filtered through 1.2 \xm glass fabric filter and then pumped through 
conditioned cation exchange column using a flow rate of 1 mL/min. These post-column 
effluent were collected while the aliquot corresponding to the first bed volume was 
discarded to avoid collecting the conditioning water in the void volume of the column. 
All blanks collected were readjusted to pHi using HC1 and NaOH. This blank was used 
to detect any toxicant leached from the column. 
Sample preparation 
Effluent samples were filtered through 1.2 ^m glass fabric filter and then pumped through 
conditioned cation exchange column using a flow rate of 1 mL/min. These post-column 
effluent were collected while the aliquot corresponding to the first bed volume was 
discarded to avoid collecting the conditioning water in the void volume of the column. 
All post column effluent collected were readjusted to pHi using HC1 and NaOH. 
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3.3.5 pH adjustment C18 solid phase extraction (C18 SPE) 
a. Principle 
This C18 SPE test is designed to determine the extent of effluent toxicity caused by non-
polar organic compounds. The effluent is passed through a column packed with an 
octadecyl (C18) sorbent. Compounds in the effluent interact through solubility and 
polarity with the sorbent, and are extracted from the effluent onto the sorbent. 
Compounds extracted by the C18 sorbent from a pH neutral aqueous solution are usually 
soluble in hexane or chloroform. The C18 sorbent can also be used to extract organic 
acids and bases; organic acids and bases can be made less polar by shifting the 
equilibrium to the un-ionized species. By adjusting the effluent to a low pH and a high 
pH, some of these compounds will exist predominately in the un-ionized form and will 
sorb to the C18 SPE column. Because of C18 SPE degradation, pHs above 9 and below 3 
are not used. In addition, to avoid clogging of column, samples should be filtered before 
use. 
b. Procedures 
Preparation of SPE column 
C18 sorbent (Alltech C18, 35 - 75U) was weighed out in amount of 1 g sorbent per 10 
mL sample, made slurry with HPLC grade methanol, and poured into glass column. To 
condition the SPE column, 2 portions (1 bed volume each) ofHPLC grade methanol were 
pumped through the column using a flow-rate of 1 mL/min and discarded. Then 2 
portions (1 bed volume each) of filtered pH adjusted ultra pure water (^H 3，pH 7，or pH 
9 respectively for the 3 pH adjusted samples) were pumped through the column using the 
same flow rate as for the methanol. Care was taken to prevent the column from going dry 
during the conditioning step. 
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Blank preparation 
Ultra pure water adjusted to pH 3，pH 7 and pH 9 respectively were filtered through 1.2 
|j_m glass fabric filter as in the pH adjustment filtration test. These aliquots were then 
pumped through conditioned SPE column with the same pH using a flow rate of 1 
mL/min. These post-column effluent were collected while the aliquot corresponding to 
the first bed volume was discarded to avoid collecting the conditioning water in the void 
volume of the column. All blanks collected were readjusted to pHi using HCl and NaOH. 
This blank was used to detect any toxicant leached from the column. 
Sample preparation 
Effluent samples adjusted to pH 3，pH 7 and pH 9 respectively were filtered through 1.2 
}im glass fabric filter as in the pH adjustment filtration test. These aliquots were then 
pumped through conditioned SPE column with the same pH using a flow rate of 1 
mL/min. These post-column effluent were collected while the aliquot corresponding to 
the first bed volume was discarded to avoid collecting the conditioning water in the void 
volume of the column. All post column samples collected were readjusted to pHi using 
HCl and NaOH. 
3.3.6 Activated carbon extraction 
a. Principle 
Activated carbons are used extensively in diverse applications. They have a very 
complex surface structure containing a wide range of functional groups. The principal 
binding mechanisms of activated carbon include hydrophobic interactions, charge-
41 
transfer complexation, hydrogen bonding, cation exchange and another specific 
interactions. The surface of such carbons possesses a high sorption capacity, but it is very 
heterogeneous (Matisova and Skrabakova, 1995). When effluent samples were extracted 
with activated carbon, different classes of compounds including organics, metals and 
anions will be removed non-specifically. 
b. Procedures 
Preparation of activated carbon 
Pelletized activated carbon (F-300, Calgon Carbon Corporation) was washed by distilled 
water to remove fines and dried in 105°C oven. Washed activated carbon was weighed 
out in amount of 1 g carbon per 10 mL samples. 
Blank preparation 
Ultra-pure water was filtered through 1.2 i^m glass fabric filter, stirred with washed 
activated carbon for 2 h using magnetic stirrer, then filtered again through 1.2 i^m glass 
fabric filter to separate from the carbon. The extracted aliquot was finally readjusted to 
pHi with HCl and NaOH. This blank is used to detect any toxicant released from the 
activated carbon during extraction. 
Sample preparation 
Effluent samples were filtered through 1.2 i^m glass fabric filter, stirred with washed 
activated carbon for 2 h using magnetic stirrer, and then filtered again through 1.2 |am 
glass fabric filter to separate from the carbon. The extracted aliquots were finally 
readjusted to pHi with HCl and NaOH 
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3.4 Toxicity Identification Evaluation - Phase II 
This part of experiments aims to identify and quantify the suspected toxicants in the 
effluent samples. Concentrations of total organic carbon (TOC), metals and anions were 
measured from the original whole effluent and the Phase I treated fractions for such 
treatments could effectively reduce toxicity. Percent chemical reduction (% CR) was 
calculated by the % decrease ofconcentration of each specific chemical component ofthe 
sample after treatment: 
% C R i = ( 1 - ConC i，after treatment 丨 ConC j, before treatment) X 1 0 0 • 
where Conc i = concentration of chemical i. 
Positive values indicated a decrease and negative values an increase in concentration of 
that component compared with the whole effluent values. 
3.4.1 Determination of total organic carbon (TOC) 
Concentrations of TOC were measured using a Total Organic Carbon Analyzer (TOC-
5000A, Shimadzu Corporation) (Figure 7) with an autosampler (ASI-5000A, Shimadzu 
Corporation). It is a highly precise instrument (standard deviation with 1 %) with a wide 
range of measurement (4 ppb to 4,000 ppm), while consuming short measuring time (at 
the maximum, 10 min for each sample). 
a. Measuring principle 
Measurement oftotal carbon (TC) 
TC combustion tube is filled with oxidation catalyst and heated to 6 8 0 � C . When sample 
has been introduced by a sample injector into the TC combustion tube, TC component in 
43 
^ P W K 
^ B f T : ' ^ ^ ^ ^ ^ H 
^ ^ P ^ N , g H > ^ 
H K ^ •• _ ^ - : � 
^ P ^ ! x > ^ " ^ i y i ^ 
U ^ " < " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ l l 
Figure 7. Photography of the Total Organic Carbon Analyzer, TOC-5000A, Shimadza 
Corporation. 
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the sample combusted or decomposed to become carbon dioxide. Carrier gas of high 
purity air which contains combustion product from the TC combustion tube flows through 
an inorganic carbon (IC) reaction vessel and cooled and dried by a dehumidifier. It is 
then sent into a halogen scrubber into a sample cell set in a non-dispersive infrared gas 
analyzer fNDIR) where carbon dioxide is detected. The NDIR outputs a detection signal 
that generates a peak whose area is calculated. 
The peak area is proportional to the TC concentration of the sample. Therefore, if 
calibration curve equation expressing the relation between peak area and TC 
concentration has been obtained in advance using TC standard solution, the TC 
concentration ofthe sample can be determined from the calculated peak area. 
Measurement ofinorganic carbon fIC) 
Sample is introduced with a sample injector into an IC reactor vessel where carrier gas is 
flowing in form of tiny bubbles in the solution acidified by IC reagent. Only IC 
component in the sample is decomposed to become carbon dioxide, which is detected by 
the NDIR. The IC concentration can be determined in the same procedure as the TC 
concentration. 
Carbon in form of carbonates and hydrogen carbonates can be measured as IC. 
Measurement of total organic carbon (TOO 
TOC concentration can be obtained by subtracting IC concentration from the TC 
concentration. 
b. Sample preparation 
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Original whole effluent, C18 extracted, anion exchanged, and cation exchanged samples 
were measured. No special sample pre-treatment was needed. 
3.4.2 Determination of metals 
Concentrations of metals, including cadmium, chromium, copper, iron, lead, nickel, and 
zinc were measured simultaneous by inductively coupled plasma (ICP) emission 
spectroscopy (AtomScan 16 Spectrometer, Thermo Jarrell Ash Corporation) (Figure 8). 
a. Measuring principle 
ICP spectrometer consists 3 main parts, the plasma source, the sample injector, and the 
detector. The plasma source is generated by a high power radio-frequency generator, 
which the fluctuating magnetic field interact with the flowing argon ions and resulting the 
ohmic heating and plasma formed. This argon ions plasma are capable of absorbing 
sufficient power from an extemal source to maintain the temperature at a level which 
further ionization sustains the plasma indefinitely -- temperatures as high as 10,000 K are 
encountered. A sample aerosol is generated in a nebulizer and spray chamber and is 
carried.through an injector into the hot plasma, each component ofthe sample is atomized 
and excited to emit their characteristic wavelengths. The emitted light is measured by 
spectrometer and the concentrations of components in sample are quantified (Skoog and 
Leary, 1992). 
b. Sample preparation 
Concentrations of metals were measured for the original whole effluent and the cation 
exchanged samples. All the samples were digested with concentrated nitric acid to reduce 
46 
' ' ' ' ^ ' ^^"*TC^^2!*^^^^f l5 |H | j^HHjH|H 
w T ^ w B v p n 
_ 1 ‘ ： ― “ - W i ^ l 
: ^ H 1 ^ M w - " ' ' ^ m 
1 \ • 1 : m 
fe^ 
Figure 8. Photography of the AtomScan 16 Spectrometer, Thermo Jarrel Ash 
Corporation. 
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interference by organic matter before measuring by ICP. The acid digestion procedures 
followed the standard methods (American Public Health Association, 1992). Briefly, 10 
m L sample was transferred into a 40 m L boiling tube and 5 m L conc HNO3 was added. 
The tube was slowly boiled on a hot plate until digestion was completed as shown by a 
light-colored, clear solution. The digested sample was then washed out with deionized 
water and diluted to a known volume. 
In parallel, recovery test was performed to test the recovery of metals after acid digestion. 
« 
Mixed metal standard was acid digested as described and the percent recovery was 
measured. 
3.4.3 Determination of anions 
Concentrations of anions, including bromide, chloride, fluoride, nitrite, nitrate, oxalate, 
phosphate, sulphite and sulphate were measured simultaneously by ion chromatography 
(Dionex DX500 Chromatography Systems) (Figure 9). Anion exchange column (IonPac 
AS4A-SC analytical column, 4 x 250 m m ) was used with conductivity detector (Dionex, 
CD20 Conductivity Detector). 
a. Measuring principle 
A water sample is injected into a stream of carbonate-bicarbonate eluent and passed 
through a series of ion exchangers. The anions of interest are separated on the basis of 
their relative affinities for a low capacity, strongly basic anion exchanger. The separated 
anions are directed through a cation exchanger membrane (micromembrane suppressor) 
bathed in continuously flowing strongly acid solution (regenerant solution). In the 
suppressor the separated anions are converted to their highly conductive acid forms and 
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Figure 9. Photography ofthe Dionex DX500 Chromatography Systems. 
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the carbonate-bicarbonate eluent is converted to weakly conductive carbonic acid. The 
separated anions in their acid forms are measured by conductivity. They are identified on 
the basis of retention time as compared to standards. Quantitation is by measurement of 
peak area (American Public Health Association, 1992). 
b. Sample preparation 
Anion standards were prepared to determine the retention time for each of the standard. 
Original whole effluent and anion exchanged samples were measured. No special sample 




4.1 Sample Description 
Whole effluent samples WE1, W E 2 and W E 6 were collected from one textile factory 
while samples WE3, W E 4 and W E 5 were from another textile factory. After transporting 
the samples to laboratory, pH and salinity were measured immediately. All the six whole 
effluent samples were found to be highly colored and alkaline. Except the sample WE6, 
all other samples were low in salinity (Table 2). 
4.2 Whole Effluent Toxicity Tests 
Toxicity of the six whole effluent samples were measured using four marine species 
representing different trophic levels in food chain. The four species used were 
decomposer: a marine bacterium Vibrio fischeri in Microtox® test, a marine microalga 
producer: Chlorella pyrenoidosa CU-2 in growth inhibition test, a marine primary 
consumer: Parhyale plumulosa in survival test of amphipod, and a marine secondary 
consumer: Mylio macrocephalus in survival test of fish. 
4.2.1 Toxicity of whole effluent samples on algal growth inhibition test using Chlorella 
pyrenoidosa CU-2. 
The growth of microalga in the six effluent samples followed a sigmoidal shape with the 
lag-phase of about one day (Figure 10 to Figure 15). All six whole effluent samples, 
except sample W E 1 and W E 3 , the 4-day average growth rate increased as the whole 
effluent concentration increased from 0 % to 90 % (Figure 16 to Figure 21). While for 
W E 1 and W E 3 , the 4-day average growth rate increased initially and then began to 
decrease as the whole effluent concentration up to 50 % and 25 % respectively (Figure 16 
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Table 2. Description of whole effluent samples. 
Sample Source pH Salinity (/oo) 
W E l Factory 1 K T l 0 
W E 2 Factory 1 12.20 0 
W E 3 Factory 2 12.22 0 
W E 4 Factory 2 10.48 5 
W E 5 Factory 1 12.13 5 
W E 6 Factory 2 10.15 22 
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Figure 10. Growth ofmicroalga Chlorella pyrenoidosa CU-2, in different concentrations 
of whole effluent sample 1 (WE1). 
Experimental conditions: initial concentration of algae = 7.5xl0^ celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23°C; 
salinity = 30 %o. 
Each point and error bar represent respective mean and standard deviation oftriplicates. 
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Figure 11. Growth of microalga Chlorella pyrenoidosa CU-2, in different concentrations 
ofwhole effluent sample 2 (WE2). 
Experimental conditions: initial concentration of algae = 7.5xl0^ celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23°C; 
salinity = 30 %o. 
Each point and error bar represent respective mean and standard deviation of triplicates. 
54 
0.20 n — 
~ ^ 0% A 
… ~D~6.3o/o / / 
0.15 - _ ^ 12.5% J / 
1 ^ w 
i • ^ ^ 
. ^ ^ ^ 
0.00 -
I 1 1 — I I I 
0 1 2 3 4 
Time (day) 
Figure 12. Growth ofmicroalga Chlorella pyrenoidosa CU-2, in different concentrations 
of whole effluent sample 3 (WE3). 
Experimental conditions: initial concentration of algae = 7.5xl0^ celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23°C; 
salinity = 30 %o-
Each point and error bar represent respective mean and standard deviation of triplicates. 
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Figure 13. Growth ofmicroalga Chlorella pyrenoidosa CU-2, in different concentrations 
of whole effluent sample 4 (WE4). 
Experimental conditions: initial concentration of algae = 7.5x10 celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23。C; 
salinity = 30 %o. . 
Each point and error bar represent respective mean and standard deviation oftriplicates. 
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Figure 14. Growth of microalga Chlorella pyrenoidosa CU-2, in different concentrations 
ofwhole effluent sample 5 (WE5). 
Experimental conditions: initial concentration of algae = 7.5xl0^ celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23°C; 
salinity = 30 %o. 
Each point and error bar represent respective mean and standard deviation of triplicates. 
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Figure 15. Growth of microalga Chlorella pyrenoidosa CU-2, in different concentrations 
of whole effluent sample 6 (WE6). 
Experimental conditions: initial concentration of algae = 7.5xl0^ celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23°C-
salinity = 30。/oo. ’ 
Each point and error bar represent respective mean and standard deviation oftriplicates. 
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Figure 16. Effect ofwhole effluent sample 1 (WE1) on the 4-day average rate of growth 
of microalga, Chlorella pyrenoidosa CU-2. ^ 
Experimental conditions: initial concentration of algae = 7.5x10 celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23。C; 
salinity = 30 %o. 
Each point and error bar represent respective mean and standard deviation of triplicates. 
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Figure 17. Effect of whole effluent sample 2 (WE2) on the 4-day average rate of growth 
of microalga, Chlorella pyrenoidosa CU-2. 
Experimental conditions: initial concentration of algae = 7.5x10 celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23。C; 
salinity = 30 %o. 
Each point and error bar represent respective mean and standard deviation oftriplicates. 
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Figure 18. Effect ofwhole effluent sample 3 (WE3) on the 4-day average rate of growth 
of microalga, Chlorella pyrenoidosa CU-2. 
Experimental conditions: initial concentration of algae = 7.5x10 celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23。C; 
salinity = 30。/。。. 
Each point and error bar represent respective mean and standard deviation of triplicates. 
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Figure 19. Effect ofwhole effluent sample 4 (WE4) on the 4-day average rate ofgrowth 
of microalga, Chlorella pyrenoidosa CU-2. 
Experimental conditions: initial concentration of algae = 7.5x10 celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23。C; 
salinity = 30。/oo. 
Each point and error bar represent respective mean and standard deviation of triplicates. 
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Figure 20. Effect of whole effluent sample 5 (WE5) on the 4-day average rate of growth 
of microalga, Chlorella pyrenoidosa CU-2. 
Experimental conditions: initial concentration of algae = 7.5xl0^ celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7,6; temperature = 23。C; 
salinity = 30。/oo. 
Each point and error bar represent respective mean and standard deviation oftriplicates. 
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Figure 21. Effect of whole effluent sample 6 (WE6) on the 4-day average rate of growth 
of microalga, Chlorella pyrenoidosa CU-2. 
Experimental conditions: initial concentration of algae = 7.5xl0^ celVmL; total volume = 
40 mL; agitation rate = 100 rpm; light intensity = 3.4 klux; pH = 7.6; temperature = 23°C; 
salinity = 30 %o. 
Each point and error bar represent respective mean and standard deviation oftriplicates. 
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to Figure 21). The 4-day median inhibition concentration (4-d IC50) for sample W E 3 was 
about 80 % of its original whole effluent, while the 4-d IC50 for the rest of the samples 
could not be detected (Table 3). 
4.2.2 Toxicity of whole effluent samples on Microtox® test. 
The 5-min and 15-min median effective concentrations (5-min and 15-min EC50) could be 
detected on all the six whole effluent samples. For samples W E l to WE5, the 5-min and 
15-min EC50 were well less than 10 % of their corresponding whole effluent, while for 
WE6 the 5-min and 15-min EC50 were about 30 % of its original whole effluent. The 15-
min EC50 were always less than the 5-min EC50 for each of the sample. The 95 % 
confidence intervals for the EC50 values were also detected, for all the six samples, such 
the intervals were within 20 % of their corresponding EC50 values (Table 4 and Figure 
22). 
4.2.3 Toxicity of whole effluent samples on survival test of amphipod Parhyale 
plumulosa. 
The 24-h and 48-h median lethal concentrations (24-h and 48-h LC50) were detected on 
all the six whole effluent samples. Both the 24-h and 48-h LC50 were less than 10 % of 
their corresponding whole effluent except the 24-h LC50 for W E 3 and both the 24-h and 
48-h LC50 for WE6, which the LC50 values were less than 20 % of their corresponding 
whole effluent (Table 5 and Figure 23). The 48-h LC50 were always less than or equal to 
the 24-h LC50 for each of the sample except sample WEl, which the 48-h LC50 was 
slightly larger than the 24-h LC50 (Table 5 and Figure 23). The 95 % confidence intervals 
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Table 3. Four-day Median inhibition concentration of whole effluent samples on growth 
inhibition test of microalgae Chlorella pyrenoidosa CU-2. 
Four-day median inhibition concentrations and standard deviations 
Sample 4-d I C 5 0 (%) SD (%) 
W E 1 ^ S X 
W E 2 N D N A 
W E 3 79.08 38.74 
W E 4 N D N A 
W E 5 N D N A 
W E 6 N D N A 
N A = Not applicable; N D = Non detectable 
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Table 4. Five-min and 15-min median effective concentrations of whole effluent samples 
on Microtox® test. 
Median effective concentrations and 95 % confidence intervals 
Sample 5-min EC50 (%) 95 % C.I. (%) 15-min EC50 (%) 95 % C.I. (%)~~ 
WEl JTl 2.88-3.43 ^ 2.61-3.08 
WE2 2.73 2 .56-2 .99 2.42 2 .08 -2 .61 
WE3 3.84 3 .56-4 .06 3.05 2.81 - 3 . 3 3 
WE4 6.28 6.11 - 6 . 5 4 5.12 4 .83 -5 .54 
WE5 4.35 4 .07 -4 .52 4.11 3 .96-4 .31 
WE6 30.13 29.93 - 30.42 28.23 27 .87-29.95 
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Figure 22. Five-min and 15-min median effective concentrations of whole effluent 
samples on Microtox® test. 
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Table 5. Twenty four-h and 48-h median lethal concentrations of whole effluent samples 
on survival test ofamphipod Parhyale plumulosa. 
Median lethal concentrations and 95 % confidence intervals 
Sample 24-h LC50 (%)~~~95 % C.I. (%) 48-h LC50 (%)~~95 % C.I. (%) 
W E l ^ 3.96-4.53 4^3 3.72-4.59 
W E 2 2.21 N A 2.21 N A 
W E 3 10.80 7.66- 15.88 6.65 5.20- 8.50 
W E 4 6.71 5.41 -8.33 4.74 4.15-5.41 
W E 5 8.84 N A 8.84 N A 
W E 6 17.68 N A 17.68 N A 
N A = Not applicable 
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Figure 23. Twenty four-h and 48-h median lethal concentrations of whole effluent 
samples on survival test of amphipod Parhyale plumulosa. 
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for corresponding LC50 values were calculated on sample WE1, W E 3 , and W E 4 only 
while the rest could not be measured (Table 5 and Figure 23). 
4.2.4 Toxicity of whole effluent samples on survival test o/Mylio macrocephalus. 
The 48-h and 96-h median lethal concentrations (48-h and 96-h LC50) were detected on 
all the six whole effluent samples. All the samples had 48-h and 96-h LC50 less than 20 
% of their corresponding whole effluent except sample WE6, which the 48-h and 96-h 
LC50 were about 35 % ofits original whole effluent (Table 6 and Figure 24). For each of 
the six samples, the 96-h LC50 value was less than or equal to the 48-h LC50 value 
(Table 6 and Figure 24). The 95 % confidence intervals for all the corresponding LC50 
values were calculated except the 48-h LC50 ofWE5 and both the 48-h and 96-h LC50 of 
W E 6 , which such intervals could not be measured (Table 6 and Figure 24). 
4.3 Toxicity Identification Evaluation - Phase I 
Six different manipulations towards the whole effluent samples were performed prior to 
bioassays of Microtox® test and survival test of amphipod in order to examine the 
effectiveness of each of the manipulation on toxicity reduction. The six manipulations 
included filtration, aeration, anion exchange, cation exchange, C18 extraction, and 
activated carbon extraction. 
i.3.1 Effect offiltration at pH 3 on toxicity reduction 
，his treatment could not effectively remove toxicity of whole effluent samples on 
licrotox® test. Except for W E 3 and W E 5 which the toxicity reductions were about 50 % 
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Table 6. Forth eight-h and 96-h median lethal concentrations of whole effluent samples 
on survival test of fish black sea bream. 
Median lethal concentrations and 95 % confidence intervals 
Sample 48-h LC50 (%)~~95 % C.I. (%) 96-h LC50 (%)~~95 % C.I. (%) 
W E l 12.07 10.35- 14.09 12.07 10.35- 14.09 
W E 2 12.50 10.66- 14.65 7.44 5.34- 10.41 
W E 3 7.70 6.78-8.74 7.18 6.21 -8.31 
W E 4 18.95 14.92-23.99 16.33 12.90-20.67 
W E 5 4.25 N A 2.51 1.77-3.42 
W E 6 35.36 N A 34.02 N A 
N A = Not applicable 
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Figure 24. Forty eight-h and 96-h median lethal concentrations of whole effluent samples 
on survival test of fish, Mylio macrocephalus. 
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on both the 5-minute and 15-minute tests, all other samples showed toxicity reductions 
less than 30 % after this treatment (Figure 25). 
This treatment also could not effectively remove toxicity on survival test of amphipod. 
For WE1, WE3, and WE4, the toxicity reductions were about 50 % , while for other 
samples, this treatment could not remove any toxicity on both the 24-h and 48-h survival 
tests (Figure 26). 
4.3.2 Effect of filtration at pH 7 on toxicity reduction 
This treatment could not remove toxicity of whole effluent samples on Microtox® test 
effectively. All six samples had the toxicity reductions less than 50 % on both the 5-min 
and 15-min tests after the treatment (Figure 27). 
For the survival test on amphipod, this treatment could not remove any toxicity on WE3, 
W E 5 , and W E 6 for the 48-h survival test nor on W E 2 for both the 24-h and 48-h survival 
tests. While for other samples the toxicity reductions were about 50 % after this treatment 
(Figure 28). 
4.3.3 Effect of filtration at pHi on toxicity reduction 
This treatment could not remove toxicity of whole effluent samples on Microtox® test 
effectively. This treatment removed about 60 % of toxicity for W E 5 , while the toxicity 
reductions were less than 50 % for other samples for both the 5-min and 15-min 
Microtox® test (Figure 29). 
This treatment also could not effectively remove toxicity on survival test of amphipod. 
Both the 24-h and 48-h tests on W E 2 and W E 5 and the 48-h survival test on W E 3 , there 
74 
100 n   
90 -
i:)'.^ ;M 5-min 
H f f l 15-min 
8 0 -
70 -
^ 6 0 -
§ I 
t3 I n 
i 50- r 
c -
^^ ‘ i. 
o 40 - > I 
X 2V o s^  CL . > ,.: •"“ J， r^. 
30 - ^' e 鬥 
、 |i 
^ s 
S' � ^ 
20 - |7] i I -
1:  || I i 1 II il 
Fil1 Fil2 Fil3 Fil4 Fil5 Fil6 
Sample 
Figure 25. Effect of filtration at pH 3 on toxicity reduction of whole effluent samples on 
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Figure 26. Effect of filtration at pH 3 on toxicity reduction of whole effluent samples on 
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Figure 27. Effect of filtration at pH 7 on toxicity reduction ofwhole effluent samples on 
Microtox® test. 
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Figure 28. Effect of filtration at pH 7 on toxicity reduction of whole effluent samples on 
survival test of amphipod Parhyale plumulosa. 
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were no toxicity reductions observed, while for other samples, the toxicity reductions 
were about 50 % after this treatment (Figure 30). 
4.3.4 Effect ofaeration at pH 3 on toxicity reduction 
This treatment could not remove toxicity of whole effluent samples effectively on 
Microtox® test. All six samples had the toxicity reductions less than 50 % on both the 5-
min and 15-min Microtox® test (Figure 31). For the 5-min Microtox® test on W E 2 and 
W E 4 , the percent toxicity reductions were negative which indicated that this treatment 
increased toxicity ofthe samples on Microtox® test (Figure 31). 
This treatment also could not effectively remove toxicity of whole effluent samples on 
survival test of amphipod. Both the 24-h and 48-h survival tests on W E 2 and W E 3 and 
the 24-h survival test on W E 5 and W E 6 had the toxicity reductions about 50 % (Figure 
32). While for the rest ofthe samples, the toxicity reductions were less than 10 % . For 
W E 4 , the percent toxicity reductions were negative which indicated that this treatment 
increased toxicity ofthe samples on Microtox® test (Figure 32). 
4.3.5 Effect ofaeration at pH 7 on toxicity reduction 
This treatment could not remove toxicity of whole effluent samples effectively on 
Microtox® test. All six samples had the toxicity reductions less than 50 % on both the 5-
min and 15-min Microtox® test (Figure 33). For the 5-min Microtox® test on W E 2 , the 
percent toxicity reduction was negative which indicated that this treatment increased 
toxicity ofthe sample on Microtox® test (Figure 33). 
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Figure 30. Effect of filtration at pHi on toxicity reduction on survival test of amphipod 
Parhyale plumulosa. 
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Figure 31. Effect of aeration at pH 3 on toxicity reduction of whole effluent samples on 
Microtox® test. 
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• Figure 32. Effect of aeration at pH 3 on toxicity reduction of whole effluent samples on 
survival test of amphipod Parhyale plumulosa. 
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Figure 33. Effect of aeration at pH 7 on toxicity reduction of whole effluent samples on 
Microtox® test. 
84 
This treatment also could not effectively remove toxicity of whole effluent samples on 
survival test of amphipod. All six samples had the toxicity reductions less than 50 % on 
both the 24-h and 48-h survival tests (Figure 34). For WEl, the toxicity reductions on 
both the 24-h and 48-h survival tests were even as low as 10 % (Figure 34). 
4.3.6 Effect of aeration at pHi on toxicity reduction 
This treatment could not remove toxicity of whole effluent samples effectively on 
Microtox® test. Except the 15-min Microtox® test on WE6, which was about 60 % �the 
toxicity reductions; for other samples on both 5-min and 15-min Microtox® test were less 
than 50 % (Figure 35). For the 5-min Microtox® test on WE3, the percent toxicity 
reduction was negative which indicated that this treatment increased toxicity of the 
sample on Microtox® test (Figure 35). 
This treatment also could not effectively remove toxicity on survival test of amphipod. 
The toxicity reductions on the 48-h survival test for W E 5 and W E 6 were less than 10 % � 
while for the rest of the samples, the toxicity reductions on both the 24-hour and 48-hour 
tests were about 50 % (Figure 36). 
4.3.7 Effect of anion exchange on toxicity reduction 
This treatment could remove toxicity of whole effluent samples effectively on Microtox® 
test. All six samples had the toxicity reductions more than 60 % on both the 5-min and 
15-min Microtox® tests (Figure 37). For WE4, the toxicity reductions were more than 90 
% after this treatment (Figure 37). 
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Figure 34. Effect of aeration at pH 7 on toxicity reduction of whole effluent samples on 
survival test of amphipod Parhyale plumulosa. 
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Figure 35. Effect of aeration at pHi on toxicity reduction of whole effluent samples on 
Microtox® test. 
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Figure 36. Effect of aeration at pHi on toxicity reduction of whole effluent samples on 
survival test of amphipod Parhyale plumulosa. 
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Figure 37. Effect of anion exchange on toxicity reduction of whole effluent samples on 
Microtox® test. 
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This treatment could also effectively remove toxicity of whole effluent samples on 
survival test of amphipod. For We6, the toxicity reductions were about 70 % on both the 
24-h and 48-h survival tests, while for other samples, the toxicity reductions were more 
than 80 % after this treatment (Figure 38). 
4.3.8 Effect of cation exchange on toxicity reduction 
This treatment could remove toxicity of whole effluent samples quite effectively on 
Microtox® test. This treatment could remove more than 60 % of toxicity for W E l , WE2, 
and W E 3 , and more than 90 % of toxicity for W E 4 on both the 5-min and 15-min 
Microtox® tests (Figure 39). While for W E 5 and WE6, this treatment could only remove 
about 30 % and 50 % of toxicity W E 4 on 5-min and 15-min Microtox® tests respectively 
(Figure 39). 
This treatment could effectively remove toxicity of whole effluent samples on survival 
test of amphipod. Except the 24-h and 48-h survival tests on W E 2 and the 48-h test on 
W E 3 , which were about 50 % oftoxicity reductions by this treatment, more than 70 % of 
toxicity reduction for other samples on survival tests (Figure 40). 
4.3.9 Effect of C18 extraction at pH3 on toxicity reduction 
This treatment could remove toxicity of whole effluent samples effectively on Microtox® 
test. Except the W E 3 , which were more than 50 % , the toxicity reduction were more than 
70 % for all other samples on both the 5-min and 15-min Microtox® tests (Figure 41). 
This treatment could not effectively remove toxicity of whole effleunt samples on 
survival test ofamphipod. For WEl, W E 2 , W E 3 , and WE4, the toxicity reductions were 
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Figure 38. Effect of anion exchange on toxicity reduction of whole effluent samples on 
survival test of amphipod Parhyale plumulosa. 
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Figure 40. Effect of cation exchange on toxicity reduction of whole effluent sampl( 



















r _ l i _
一 _ _ _ 一




^ t s s M s ^ i t ^ t r f i r . n H ^
 c
 n o .^ 
_ _ _ — ^ ^ _ . _ _ . — . _ _ . _ . . . . . . _ _ _ . l n ^ B m I B
 " S 










. . - - -
 , " . r ; J n ? £ - o . d &






. ^ § 











 ^ t . , i k . i . r r x ^ ' . / : . .
 r z . . , - . c


















s 0 & y k i s M r - ,
 . . . u l
 B ^ 
n 
M — W — I S M W M B W I S
 . ^ 
l _
















 " K 
^
















 -^ ^ ；
 # : 1 f d ^ . $ w , v . i T





























































 u o ! p n p 9 J
 > i ! o ! x o l ^
 -n 迎 
about 50 % on both the 24-h and 48-h survival tests, while for WE5, this treatment could 
not reduce any toxicity of the sample (Figure 42). For WE6, the percent toxicity 
reduction was negative which indicated that this treatment increased toxicity on the 
sample on amphipod survival test (Figure 42). 
4.3.10 Effect of C18 extraction at pH 7 on toxicity reduction 
This treatment could remove toxicity of whole effluent samples effectively on Microtox® 
test. Except W E 6 , which were more than 50 % , the toxicity reduction were more than 70 
% for all samples on both the 5-min and 15-min Microtox® tests (Figure 43). 
This treatment could not effectively remove toxicity of whole effluent samples on 
survival test of amphipod. The toxicity reduciton on both the 24-h and 48-h survival test 
for W E 2 and W E 5 , and on the 48-h test for W E 3 were almost 0 % (Figure 44). While for 
other samples, the toxicity reductions were about 50 % on both the 24-h and 48-h survival 
test after this treatment (Figure 44). 
4.3.11 Effect ofC18 extraction at pH 9 on toxicity reduction 
This treatment could remove toxicity of whole effluent samples effectively on Microtox® 
test. Except W E 6 , which were more than 50 % , the toxicity reduction were more than 70 
% for all other samples on both the 5-min and 15-min Microtox® tests (Figure 45). 
This treatment could remove toxicity of whole effluent samples on survival test of 
amphipod quite effectively. For WEl, WE3, WE4, and W E 6 , the toxicity reductions 
were more than 60 % on both the 24-h and 48-h survival tests (Figure 46). The toxicity 
reductions were about 35 % for W E 2 and 0 % for W E 5 after this treatment (Figure 46). 
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Figure 42. Effect of C18 extraction at pH 3 on toxicity reduction of whole effluent 
samples on survival test ofamphipod Parhyale plumulosa. 
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Figure 44. Effect of C18 extraction at pH 7 on toxicity reduction of whole effluent 
samples on survival test of amphipod Parhyale plumulosa. 
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Figure 46. Effect of C18 extraction at pH 9 on toxicity reduction of whole effluent 
samples on survival test of amphipod Parhyale plumulosa. 
100 
4.3.12 Effect of activated carbon extraction on toxicity reduction 
This treatment could remove toxicity of whole effluent samples effectively on Microtox® 
test. Except WE6, which were more than 60 % , the toxicity reduction were more than 80 
% for all other samples on both the 5-min and 15-min Microtox® tests CFigure 47). 
This treatment could effectively remove toxicity of whole effluent samples on survival 
test ofamphipod. Except 24-h and 48-h survival tests on W E 6 and the 48-h test on WE5, 
which were about 50 % , the toxicity reductions by this treatment, there were more than 80 
% toxicity reduction for other samples (Figure 48). 
4.4 Toxicity Identification Evaluation - Phase II 
Relevant chemical components were measured before and after the Phase I manipulations 
and the percent of chemical reductions were calculated in order to evaluated the 
effectiveness ofchemical reductions ofeach of the manipulations. 
Among the three classes of chemical being measured, only TOC, iron, zinc, chloride, 
fluoride, sulphite, and sulphate were detected in the whole effluent samples and the 
concentrations of each of these chemicals, except chloride, were served as baseline 
• concentrations for the following chemical reduction determinations (Table 7). 
4.4.1 Effect ofanion exchange on chemical reduction 
The 9 anions were successfully separated by the ion chromatography for identification 
and quantitation of the anions (Figure 49). 
This treatment could effectively remove anions from the whole effluent samples. The 
percent offluoride reductions were more than 60 % on all the six samples (Figure 50). 
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Figure 48. Effect of activated carbon extraction on toxicity reduction of whole effluent 
samples on survival test of amphipod Parhyale plumulosa. 
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Table 7. Concentrations ofTOC, metals and anions in whole effluent samples. 
Concentration ^ 3pm)^ 
^ ^ T O C F^ ^ ~ r ^ ^ ~ " 
W E 1 5 ^ L5l2 0.5392 20ls Il33 210.34 
W E 2 509.0 1.263 0.7001 49.18 34.76 450.25 
W E 3 529.7 0.5921 1.1210 19.82 3.75 462.61 
W E 4 858.1 2.506 0.4130 37.77 0.00 690.83 
W E 5 426.2 0.3966 0.4713 16.05 138.26 596.89 
W E 6 363.8 0.1503 0.3822 21.45 0.00 1750.52 
a: Values represent mean of duplicate. 
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Figure 49. Elution profile of anions by ion chromatography. 
Column: IonPac AS4A-SC analytical column, 4x250 m m ; eluent: 1.8 m M 
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Figure 50. Effect of anion exchange on chemical reduction of whole effluent samples. 
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The sulphite were removed almost completely, except W E 4 and W E 6 which contained no 
sulphite originally and therefore the reduction on sulphite could not be measured (Figure 
50). The sulphate removal were more than 70 % on all other samples except W E 4 (the 
removal was about 50 % ) (Figure 50). This treatment could also remove a little amount 
of total organic carbon (TOC). All six samples, the T O C reductions were less than 50 % 
(Figure 50). 
4.4.2 Effect of cation exchange on chemical reduction 
This treatment could effectively reduce the amount of metals in the whole effluent 
samples. The amounts of iron were reduced for more than 70 % on all six samples 
(Figure 51). The percent of reduction on zinc were more than 80 % for all samples 
(Figure 51). This treatment could also reduce T O C from the samples, and the T O C 
reductions were more than 20 % for WE1, WE2, WE3, WE4, and W E 5 (Figure 51). The 
removal was negative for W E 6 which indicated that this treatment increased T O C to the 
sample (Figure 51). 
4.4.3 Effect of C18 extraction at pH 3 on chemical reduction 
This treatment could not effectively reduce T O C of the whole effluent samples. The 
T O C reductions were less than 50 % for all samples except W E 4 (the removal was about 
60 % ) (Figure 52). 
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Figure 52. Effect of C18 extraction at pH 3 on chemical reduction of whole effluent 
samples. 
109 
4.4.4 Effect of C18 extraction at pH 7 on chemical reduction 
This treatment also could not effectively reduce T O C of the whole effluent samples. All 
six samples had the T O C reductions less than 50 % (Figure 53). For W E l and WE2, the 
T O C reductions were about 20 %�while for W E 3 and WE6, they were even lower than 5 
% (Figure 53). 
4.4.5 Effect of C18 extraction at pH 9 on chemical reduction 
This treatment also could not effectively reduce T O C of the whole effluent samples. The 
T O C reductions were less than 40 % for all six samples (Figure 54). For W E 5 , the 
percent T O C reduction was negative which indicated that this treatment increased T O C to 
the sample (Figure 54). 
4.4.6 Effect of activated carbon extraction on chemical reduction 
This treatment could effectively reduce metals, sulphite, and T O C of the whole effluent 
samples. The reductions of iron and zinc were both more than 80 % for all six samples 
(Figure 55). For T O C reduction, there was more than 40 % for W E l , W E 2 and W E 5 and 
more than 60 % for W E 3 , W E 4 and W E 6 (Figure 55). The sulphite reduction was more 
than 70 % for the samples containing sulphite originally (i.e. W E l , W E 2 , W E 3 , and 
W E 5 ) (Figure 55). The fluoride reduction was about 20 % for all six samples (Figure 55). 
While the percent of sulphate reduction was negative for all the six samples which 
indicated that this treatment increased sulphate content to the samples (Figure 55). 
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5.1 Whole Effluent Toxicity Test 
Feeding habits of aquatic organisms will directly affect exposure and sensitivity to 
contaminants. Organisms using food resources with high contaminant levels (e.g. bottom 
dwellers) may receive greater exposure (Dom, 1996). Therefore organisms representing 
different trophic levels were used in this studies to ensure that the results will be able to 
reflect the impact of textile effluent on the aquatic environment. 
The primary goal of whole effluent toxicity test is to ensure that wastewater releases into 
aquatic environment does not harm aquatic life. All species used, except bacteria used in 
Microtox® test, are indigenous species obtained from Tolo Harbour, a potential site for 
effluent discharge in Hong Kong. The use of indigenous species for bioassays, though 
may not be the most sensitive species, can give better resolution on estimates of toxicity 
effect on the aquatic environments that are protecting. In fact, it is more important to 
identify local indicators for controlling toxic discharge than to determine most sensitive 
species. The most sensitive species may indeed be no more sensitive than the surrogate 
when compared in interlaboratory testing and run with reference toxicants over extended 
period of time (Dom, 1996). 
5.1.1 Toxicity of whole effluent samples on algal growth inhibition test of Chlorella 
pyrenoidosa CU-2 
Algal growth inhibition test has been used as one of an ecological indicator for 
ecotoxicological impact studies and the assessment of water quality and pollution (Wren 
and McCarrol, 1990). It has also been used to assess toxicity of pesticides and industrial 
wastes and found to be useful for evaluation of the relative potential hazards of a 
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compound or a complex waste (Walsh and Alexander, 1980). The algal growth test 
receives a large approval in terms ofecological relevance because of the key role of algae 
in the aquatic food web as primary produces. Thus, reduction of primary production 
through phytotoxicity can lead to major ecological disorder (Christensen and Scherfig, 
1979). 
Toxicity endpoint on average growth rate, instead ofbiomass, was chosen because growth 
rate is decisive in determining the competitive success of an algal species in a dynamic 
natural ecosystem, and toxicity data estimated from growth rates are less dependent on 
particular test system parameters (i.e. lower variability) ONfyholm, 1985). Results in the 
present study showed that algal growth rate increased initially and then leveled off or 
declined as concentration of whole effluent sample increased. It indicated that the 
stimulating effect of the whole effluent sample outweighed the toxicity effect when the 
sample was diluted. When the concentration of sample was low, the samples that rich in 
organic carbon with trace amount of metals provided nutrient(s) for the algal growth. 
When the sample concentration increased, toxicity effect exhibited and inhibited the algal 
growth. 
Results in the present study also indicated that the stimulating effect ofthe whole effluent 
samples was exceeded the color effect of the samples. Practically, as the effluent 
concentration increases, the concentration of color substance in the test vessel increases 
and the growth rate of algal culture should be decreased due to the reduction of light 
penetration (Comber et al, 1995). 
The sensitivity on detecting toxicity from the whole effluent sample was very low, IC50 
can be detected on W E 3 only while the toxicity could not be detected in all other samples. 
The low of toxicity of whole effluent samples on algal growth inhibition test may due to 
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the fact that the samples were filter-sterilized with 0.45 p_m membrane filters. The 
potential toxicant(s) may be filtered out or adsorbed on the membrane filter. 
The low sensitivity of the algal growth inhibition test indicated that it is not a good 
indicator to assess toxicity of whole effluent samples, and the use of this test to assess 
whole effluent toxicity from textile industry is not recommended. 
5.1.2 Toxicity of whole effluent samples on Microtox® test 
Microtox® test is a commercially available toxicity test which has been widely used to 
assess toxicity of industrial effluents, and most studies concluded that Microtox® test had 
a good agreement with survival test of fish and invertebrates (Munkittrick and Power, 
1991). The advantages of using Microtox® test to assess toxicity of industrial effluents 
are its fastness, simplicity and high precision. In general, as the complexity and toxicity 
of industrial effluents increased, the correlations to other marine organism bioassays and 
the sensitivity ofMicrotox® test also increased, and the variability decreased (Munkittrick 
and Power, 1991). These results indicate that Microtox® test could be used for screening 
of relative toxicity ofhighly toxic complex effluents. 
Results in this study showed that Microtox® test was very sensitive and precise in 
detecting toxicity of the whole effluent samples as indicated by their low EC50 values (all 
less than 10 % except W E 6 ) and the narrow 95 % confidence intervals on both the 5-min 
and 15-min Microtox® tests. The two test periods, 5 min and 15 min, were used in order 
to determine the nature of toxicant on the Microtox® test. In general, 5-min Microtox® 
test was relevant to toxicity from organic compouds and 15-min Microtox® test was 
relevant to toxicity from metals and inorganic compounds. The similar results of the 5-
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min EC50 and 15-min EC50 indicated that the toxicity of whole effluent to Microtox® was 
mainly from organic compounds. 
5.1.3 Toxicity of whole effluent samples on survival test of amphipod Parhyale plumulosa 
Amphipods have been widely used to assess toxicity of effluent and sediment on the 
benthic communities due to their high sensitivity. According to Williams et al. (1986)， 
amphipods are among the first group of animals which disappears from benthic 
communities affected by polluted sediments, and they are the most sensitive among 
several taxa used in multi-species whole sediment test. Amphipods have also been 
recommended as a benchmark bioassay organism to assess toxicity on aquatic life 
(Chapman, 1988). 
Results in the present study showed that the amphipod survival test was sensitive in 
detecting the toxicity of the whole effluent samples, as indicated by the low LC50 values 
on both the 24-h and 48-h survival tests (all less than 20 %). Some of the 95 % 
confidence intervals for the LC50 could not be calculated due to the use of Graphical 
Method (Weber, 1993) to determine the LC50. The use of this method to calculate LC50 
for the tests because of the lack of partial mortality in these toxicity data, making the 95 
0/0 confidence intervals could not be determined. In fact, it is not unusual that 95 % 
confidence intervals can not be calculated, a review of effluent toxicity data from the tests 
performed by the U.S. Environmental Protection Agency indicated that about 28 % ofthe 
tests had no partial mortality so that the 95 % confidence intervals could not be 
determined (Weber, 1993). 
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5.1.4 Toxicity of whole effluent samples on survival test offish Mylio macrocephalus 
Toxicity test using fish has been widely used in United State and Canada (such as 
survival test of rainbow trout or fathead minnow) but was seldom used in Hong Kong. 
The reasons are that keeping the fish stock is very laborious and space demanding, and 
fish stock is easily infected by bacteria or parasites in compared with keeping stock of 
small invertebrates such as amphipod. Cheung et al. (1997) in Hong Kong usedjuvenile 
fish {Trachinotus obatus) to assess toxicity of sediment elutriate. Due to the large sample 
size of the survival test of fish required, Cheung et al. (1997) concluded that survival test 
of fish should only be used when both the Microtox® test and growth inhibition test of 
diatom could not detect toxicity. The problem of requiring large sample size in this 
studies may not be as severe in the sediment elutriate test because whole effluent samples 
were used in this studies and no further extraction procedure was needed. 
Results in the present study showed that the survival test was quite sensitive in detecting 
the toxicity of the whole effluent samples (LC50 less than 40 %). An important point 
should be mentioned that the survival test of fish was performed with aeration. The 
aeration was necessary because the dissolved oxygen in the effluent samples was depleted 
so quickly that the oxygen concentration was no longer sufficient to support the fish for 
the 96-h test. Although the aeration was minimum to avoid disturbance to the fish， 
alteration on chemical composition ofthe effluent samples was unavoidable. 
5.1.5 Correlations among toxicity tests 
Pearson product-moment correlations were drawn among the 5-min and 15-min 
Microtox® test, 24-h and 48-h amphipod survival tests, and 48-h and 96-h fish survival 
tests (Table 8). The algal growth inhibition test of Chlorella pyrenoidosa CU-2 was not 
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Table 8. Pearson product-moment correlation coefficients of log-transformed toxicity 
data among bioassays. 
Amp24 Amp48 Fish48 Fish96 Mic5 Micl5 
Amp24 1.000~~‘ “ 
Amp48 0.953** 1.000 
Fish48 0.185 0.220 1.000 
Fish96 0.269 0.276 0.973** 1.000 
Mic5 0.759* 0.825* 0.705 0.691 1.000 
Micl5 0.741* 0.830* 0.689 0.668 0.997** 1.000 
Amp24 = 24-h survival test of amphipod Parhyale plumulosa, 
Amp48 = 48-h survival test of amphipod Parhyale plumulosa, 
Fish48 = 48-h survival test of fish Mylio macrocephalus, 
Fish96 = 96-h survival test of fish Mylio macrocephalus, 
� 
Mic5 = 5-min Microtox test, 
Micl5 = 15-min Microtox® test, 
* and ** indicate the correlation coefficients were significant at 0.05 and 0.01 probability 
levels, respectively, at one-tailed test, with n=6. 
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included in the correlation because of its low sensitivity in detecting the toxicity of whole 
effluent samples. 
The Pearson correlation coefficient, r (range from 1 to +1), measures the strength of a 
linear relationship between two quantitative variables. The correlation is positive if r is 
close to +1，negative if r is close to 1，and no relation if r equals to 0. If bioassays 
correlated well, the one with higher sensitivity or simplicity may be used as surrogate and 
the use ofbioassays may be reduced. However when bioassays do not correlated well, all 
the bioassays should be performed to reflect the different toxicity effect to different 
species. 
As response of organisms to toxicity are always in log scale, log-transformed toxicity data 
were used to drawn the correlations. Results in the present study showed that the six 
toxicity tests (two test periods each for three bioassays) were all positively correlated 
which indicated that when one bioassay measured a relatively high toxicity in a sample, 
the other bioassays will also measure a relatively high toxicities in the sample (Table 8). 
The correlations between the 2 test periods of each bioassay were strong and significant: 
24-h against 48-h survival test of amphipod, r=0.953, p<0.01; 48-h against 96-h survival 
test of fish, r=0.973, p<0.01; 5-min against 15-min Microtox® test，r=0.997, p<0.01 
(Table 8). 
For inter-species correlations, survival test of amphipod correlated significantly with 
Microtox® test: 24-h survival test of amphipod against 5-min and 15-min Microtox® test, 
r>0.7, p<0.05; 48-h survival test of amphipod against 5-min and 15-min Microtox® test, 
r>0.8, p<0.05 (Table 8). While the 48-h and 96-h survival test of fish did not correlate 
significantly with neither survival test of amphipod nor Microtox® test (p>0.05) (Table 
8). 
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The good correlation between the Microtox® test and survival test of amphipod indicated 
that this two toxicity tests could replace each other and it is not necessary to conduct two 
tests to acquire knowledge on toxicity of the whole effluent samples. While the lack of 
significant correlation between survival test of fish and Microtox® test or survival test of 
amphipod indicated that survival test of fish should be conducted in order to reflect the 
toxicity of whole effluent samples on species of this trophic level (i.e. secondary 
consumer). 
5.1.6 Factor analysis on whole effluent toxicity tests 
Factor analysis is a statistical method to study the correlations among a large number of 
interrelated quantitative variables by grouping the variables into a few factors. After 
grouping, the variable within each factor are more highly correlated with variables in that 
factor than with variables in other factors (SPSS Incorporation, 1997). Factor analysis in 
computer software (SPSS, version 7.5) was used in this study to investigate the possibility 
of using fewer bioassays to reflect the toxicity results of whole effluent samples that the 
six toxicity tests used had explained. 
Results of factor analysis showed that the six toxicity tests could be reduced and 
represented by two factors, namely, Component 1 and Component 2. The first 
component accounted for more than 52 % of the variance and the second accounted for 
more than 44 % of the variance. Together these two components accounted for more than 
96 % of the variability of the original six toxicity tests (i.e. these two component could 
account for more than 96 % of the toxicity result that the original six toxicity tests 
represented). 
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In order to investigate the relationship between these two components and the six toxicity 
tests, component matrix was calculated which showed the factor loading of each of the 
toxicity test on the two components (Table 9). Loading in factor analysis is an analogue 
of correlation coefficient (r) in linear correlation and represents the correlation between 
these two components and the six toxicity tests. The results showed that the 48-h survival 
test of amphipod correlated very well with Component 1 (loading=0.988), and the 48-h 
survival test of fish correlated very well with Component 2 (loading=0.992) (Table 9). It 
implied that the use of only two toxicity tests, the 48-h survival test of amphipod and the 
48-h survival test of fish, was sufficient to represent about 96 % of the toxicity results on 
the whole effluent samples that the six toxicity test represented. 
5.2 Toxicity Identification Evaluation Phase I 
Organisms usually responses to toxicity in log scale, therefore a little shift of LC50 or 
EC50 may indeed due to experiment error and not significant. The percent toxicity 
reduction (% TR) is calculated based on the decrease of toxicity unit (reciprocal ofLC50). 
The manipulation is defined as effective if such manipulation could quadruple the LC50 of 
the original whole effluent, (i.e. TR=75%). 
Among the four bioassays used in whole effluent toxicity test, only Microtox® test and 
survival test of amphipod were chosen for toxicity assessment in the toxicity 
identification evaluation (TIE). The algal growth inhibition test was not chosen because 
it was insensitive in detecting toxicity in the effluent samples. Survival test of fish 
requires large sample volume and keeping stock of fish is space demanding and laborious 
and therefore this test was not used in the TIE. 
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Table 9. Factor loading of toxicity tests on Component 1 and Component 2. 
Factor loading 
Toxicity test Component 1 Component 2 
Amp48 0 ^ 0 l ^ 
Amp24 0.966 0.066 
Micl5 0.775 0.599 
Mic5 0.775 0.614 
Fish48 0.121 0.992 
Fish96 0.168 o . 9 6 3 
Amp24 二 24-h survival test of amphipod Parhyale plumulosa, 
Amp48 = 48-h survival test of amphipod Parhyale plumulosa, 
Fish48 = 48-h survival test of fish Mylio macrocephalus, 
Fish96 == 96-h survival test of fish Mylio macrocephalus, 
Mic5 = 5-min Microtox® test, 
Micl5 == 15-min Microtox® test, 
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5.2.1 pH adjustment filtration test 
Vacuum pump was used to draw the effluent samples through the filter in this test. It may 
result in a loss of volatile compounds from the whole effluent samples by degassing the 
solution through filtration. This problem is more severe in pH-adjusted effluent if 
toxicants become more volatile as a result of pH changes. This treatment could not 
reduce toxicity effectively, indicated that the major toxicant in the whole effluent samples 
was not filterable materials. 
5.2.2 pH adjustment aeration test 
This treatment could not reduce toxicity effectively, indicated that the major toxicant in 
the whole effluent samples was not volatile, sublatable，nor oxidizable compound. 
5.2.3 Anion exchange test 
This treatment reduced toxicity of the whole effluent samples effectively, indicated that 
the major toxicant in the whole effluent samples may be anion or organic acid. To 
confirm the toxicity, it would be useful to elute the adsorbed substance out of the anion 
exchange column and test for toxicity. However this method has not been performed 
since strong anion exchange resin was used which the recovery efficiency is only about 
50 o/o. Instead, chemical analysis in TIE phase II was performed on the anion exchanged 
fraction to further identify the suspected toxicant. 
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5.2.4 Cation exchange test 
This treatment reduced toxicity of the whole effluent samples effectively, indicated that 
the major toxicant in the whole effluent samples may be cation or organic base. Similar 
to that in the anion exchange test, toxicity test on the eluent of adsorbed substance from 
the cation excahange column has not been done due to the low recovery efficient of the 
strong cation exchange resin. Instead, chemical analysis in TIE phase II was performed 
on the cation exchanged fraction to further identify the suspected toxicant. 
5.2.5 pH adjustment C18 solid phase extraction test 
This treatment reduced toxicity of the whole effluent samples effectively, indicated that 
the major toxicant in the whole effluent samples may be non-polar organic compound. 
To confirm the toxicity, relatively nontoxic solvent, such as methanol, may be used to 
elute the adsorbed substance out of the C18 column and test for toxicity (Norberg-King et 
al., 1991). However this method has not been adopted because even methanol is 
relatively nontoxic, pre-concentration step should be done to reduce the volume of the 
methanol after elution which may alter the chemistry of the suspected toxicant. Besides, 
toxic compounds may physically adsorbed or ionically bound onto the surface of the 
column packing and the methanol elution cannot recover the toxicant from the column. 
In addition, methanol may be too polar a solvent for elution of non-polar toxicant or the 
toxicant has too low a solubility in methanol, making a low recovery efficiency of the 
elution. Instead, chemical analysis in TIE phase II was performed on the C18 extracted 
fraction to further identify the suspected toxicant. 
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5.2.6 Activated carbon extraction test 
This treatment reduced toxicity of the whole effluent samples effectively, however the 
nature of suspected toxicant is difficult to be confirm because activated carbon could 
remove different classes of chemical non-selectively. Extraction of adsorbed substances 
from the activated carbon by solvent is impractical because low recovery ofmany organic 
solutes is often associated with the strength of multiple binding interactions, which 
provide an efficient adsorption mechanism accompanied by inefficient solvent elution 
Besides, irreversible adsorption can occur in some cases as well as catalytic 
transformations to different products (Matisova and Skrabakova, 1995). Instead, 
chemical analysis in TIE phase II was performed on the activated carbon extracted 
fraction to further identify the suspected toxicant. 
5.3 Toxicity Identification Evaluation 一 Phase II 
5.3.1 Effect of anion exchange on chemical reduction 
The high percent of chemical reduction after the anion exchange manipulation indicated 
that anion exchange was an effective method to remove anions from effluent samples. 
Some effluent samples gave relatively low percent of reduction on anions may due to 
matrix effect of the effluent samples or the saturation of the anion exchange column. 
Nevertheless, the main purpose of this part of experiment was to identify the potential 
toxicant(s) and generate chemical reduction results to correlate with the toxicity reduction 
results, therefore if the same samples were used for toxicity tests, the relatively low in 
chemical reduction would not interfere the result on correlations. 
The relatively low in percent of T O C reduction because anion exchange column could 
only remove organic acids but not other classes of organic compound. The low percent of 
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reduction on T O C may actually due to the low amount of organic acids in the original 
whole effluent samples. 
5.3.2 Effect of cation exchange on chemical reduction 
The high percent of metal reduction after the cation exchange manipulation indicated that 
cation exchange was an effective method to remove metals from effluent samples. Since 
the cation exchange column could only remove one class of organic compounds (the 
organic bases), the relative low in percent of reduction of T O C may due to the low 
amount of organic bases in the original whole effluent samples. 
5.3.3 Effect of C18 solid phase extraction on chemical reduction 
The T O C reduction for each of the pH-adjusted C18 solid phase extraction test was not so 
high. It was because these tests could only remove non-polar organic compounds. The 
total T O C reduction by adding each of the T O C reduction from the three pH-adjusted 
C18 solid phase extraction tests were more than 100 % for some samples indicated that 
the organic compounds removed by each ofthe tests were overlapped. 
5.3.4 Effect of activated carbon extraction on chemical reduction 
Removal of metals and organic compounds has been well documented but activated 
carbon was seldom used to remove anions. The results indicated that activated carbon 
was not effective in removal of anions. The increase in sulphate content after the 
activated carbon extraction may due to leach of impurities from the activated carbon. 
127 
5.4 Correlation between toxicity reduction and chemical reduction 
Correlations between toxicity reduction and chemical reduction were drawn on each of 
the manipulations in order to confirm which chemical components in the whole effluent 
samples were responsible to the observed toxicity. Correlation between the observed 
toxicity and the concentration of chemical components in the whole effluent samples 
were not drawn. It is because this correlation method cannot detect the interactions 
between chemical components in the whole effluent. Chemical components may have 
antagonic or synergetic effect, which make the concentration of toxicants not linearly 
correlate with the toxicity. In addition, if concentrations of chemical components in the 
whole effluent samples were used to draw the correlations with toxicity, extensive 
chemical analysis should be performed to identify and quantify all components in the 
whole effluent samples. 
Correlations between toxicity reduction and chemical reduction after each the 
manipulations, on the other hand, would not encounter such problem. Only classes of 
chemical, which after removal would lead to significant toxicity reduction, were needed 
to be measured. These correlations measure the direct effect of the presence of the 
chemical component on the toxicity. The significant correlation indicates that the 
removal of such chemical could practically reduce toxicity, making the correlation more 
meaningful. 
5.4.1 Anion exchange 
The percent of chemical reductions on fluoride, sulphite, sulphate, and T O C were 
correlated with the percent of toxicity reductions of the survival test of amphipod and 
Microtox® test. Results in the present study showed that sulphite content reduction 
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correlated significantly with toxicity reduction on 24-h survival test of amphipod 
(r=0.8681, p<0.05). Fluoride content reduction correlated significantly with toxicity 
reductions of 24-h and 48-h survival test of amphipod and 15-min Microtox® test 
(r=0.781, 0.951，and 0.731 respectively with p<0.05). While the percent reduction sof 
sulphate and T O C did not correlate significantly with toxicity reduction on survival test 
of amphipod nor Microtox® test. These results indicated that sulphite and fluoride were 
probably responsible for part of the observed toxicity in the whole effluent samples. 
5.4.2 Cation exchange 
The percent of chemical reduction on iron, zinc, and T O C were correlated with the 
percent of toxicity reductions of the survival test of amphipod and Microtox® test. 
Results showed that only iron were correlated significantly with the toxicity reductions on 
5-min and 15-min Microtox® test (r=0.803 and 0.792 respectively with p<0.05). While 
percent of reduction of zinc and T O C did not correlate significantly with toxicity 
reduction on amphipod and Microtox® test. These results indicated that iron was likely to 
be responsible for pat of the observed toxicity in the whole effluent samples. 
5.4.3 C18 solid phase extraction 
The percent of chemical reduction on T O C of each of the pH-adjusted C18 solid phase 
extraction test were correlated with the percent of toxicity reductions of the survival test 
of amphipod and Microtox® test. Results showed that T O C reduction after C18 
extraction at pH 7 correlated significantly with toxicity reduction on 5-min and 15-min 
Microtox® test (r=0.869 and 0.865 respectively with p<0.05). While the T O C reduction 
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after C18 extraction at pH 3 and pH 9 respectively did not correlate significantly with 
toxicity reduction on survival test of amphipod and Microtox® test. These results 
indicated that neutral non-polar organic compounds were likely to be responsible for part 
of the observed toxicity in the whole effluent samples. 
5.4.4 Activated carbon extraction 
Activated carbon non-selectively reduced different classes of chemical from the whole 
effluent samples. However, no significant correlation could be drawn on chemical 
reduction of any chemical component with the toxicity reductions on the two toxicity 
tests. It indicated that the interactions between the chemical components were very 
complicated and no single component could linearly affect the toxicity significantly. 
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6, CONCLUSIONS 
1. Selected textile effluent samples exhibited a high degree oftoxicity to Microtox® test 
and survival test of amphipod Parhyaleplumulosa and fish Mylio macrocephalus, but 
insensitive to algal growth inhibition test of Chlorella pyrenoidosa CU-2. 
2. A significant correlation between Microtox® test and survival test of amphipod 
Parhyaleplumulosa was observed, thus indicating that either one ofthe two bioassays 
may be omitted without losing knowledge on the toxicity. Survival test of fish Mylio 
macrocephalus did not correlated significantly with neither Microtox® test nor 
survival test of amphipod Parhyale plumulosa, indicating that survival test of fish 
should be included to reveal toxicity ofthe effluent on organisms in this trophic level. 
3. Factor analysis showed that 48-h survival test of amphipod in conjunction with 48-h 
survival test of fish were sufficient to reflect the toxicity results represented by 
Microtox® test, 24-h and 48-h survival test of amphipod and 48-h and 96-h survival 
test of fish. 
4. Manipulations of anion exchange, cation exchange, C18 solid phase extraction and 
activated carbon extraction could effectively reduce toxicity of whole effluent 
samples from textile industry. 
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• 
5. Aquatic toxicity tests coupled with effluent fractionations and chemical analyses 
confirmed that fluoride, sulphite, iron and some neutral non-polar organic compounds 
may be responsible for the whole effluent toxicity in the samples. 
132 
7. REFERENCE 
American Dye Manufacturers Institute (1973). Dyes and the Environment: Reports on 
Selected Dyes and their Effects: L American Dye Manufacturers Institute. USA. 
American Public Health Association (1992). Standard Methods for the Examination of 
Water and Wastewater. 18出 ed. American Public Health Association. 
Washington., USA. 
Badin, J.S., and Lowitt, H.E. (1988). The U.S. Textile Industry: An Energy Perspective. 
DOE/RL/01830/T-56. Energetics, Inc. Richland, Washington, USA. 
Birge, W., and Black, J. (1985). Research needs for rapid assessments of chronic 
toxicity. In: Aquatic Toxicology and Hazard Assessment: Eighth Symposium. 
(Edited by Bahner, R.C., and Hansen, DJ.), p.51-60. STP89, American Society 
for Testing and Materials, Philadelphia, USA. 
Burkhard, L.P., and Ankley, G.T. (1989). Identifying toxicants: NETAC's toxicity-
based approach. Environmental Science and Technology 23:1438-1443. 
Caims, JJr. (1985). Multispecies Toxicity Testing. Pergamon Press, New York. 
Caims, JJr. (1986). Community Toxicity Testing. STP920. American Society for 
Testing and Materials, Philadelphia PA. 
Caims, JJr. and Pratt, J.R. (1987). Ecotoxicological effect indices: A rapidly evolving 
system. Water Science and Technology 19:1 -12. 
Chan L.C. (1991). Hydrography and Marine Plankton of Tolo Harbour, Hong Kong. 
M.Phil. Thesis. The Chinese University ofHong Kong, Hong Kong, pp.l54. 
Chapman, P.M. (1988). Marine sediment toxicity tests. In: Chemical and Biological 
Characterization of Sludge, Sediments, Dredge Spoils, and Drilling Muds. 
133 
% 
(Edited by Lichtenberg, JJ., Winter, F.A., Weber, C.I., and Fradkon, L.), p.391-
402. American Society for Testing and Materials, Philadelphia. 
Cheung, Y.H.，Neller, A., Chu, K.H., Tam, N.F.Y., Wong, C.K., Wong, Y.S., and Wong, 
M.H. (1997). Assessment ofsediment toxicity using different trophic organisms. 
Archives of Environmental Contamination and Toxicology 32:260-267. 
Christensen, E.R., and Sherfig, J. (1979). Effect of manganese, copper and lead on 
Selenastrum capricornutum and Chlorella stigmaphora. Water Research 13:79-
82. 
Clottens, Fl.，Verbeken, E.K., Demedts, M.，and Nemery, B. (1997). Pulmonary 
toxicity of components of textile paint linked to the Ardystil syndrome: 
Intratracheal administration in hamsters. Occupational and Environmental 
Medicine 54: 376-387. 
Comber, M.H.I., Smyth, D.V.，and Thompson, R.S. (1995). Assessment ofthe toxicity 
to algae of colored substances. Bulletin of Environmental Contamination and 
Toxicology 55:922-928. 
Cooper, S.G. (1978). The Textile Industry, Environmental Control and Energy 
Conservation. Noyes Data Co., Park Ridge, New Jersey. 
Diamond, J.M., Hall, J.C, Pattie, D.M., and Gruber, D. (1994). Use of an integrated 
monitoring approach to determine site-specific effluent metal limits. Water 
Environment Research 66:733-743. 
D o m , P.B. (1996). An industrial perspective on whole effluent toxicity testing, ti: 
Whole Effluent Toxicity Testing: An Evaluation of Methods and Prediction of 
Receiving System Impacts. (Edited by Grothe, D.R., Dickson, K.L., and Reed-
Judkins, D.K . )�p. 16-37. SETAC Press, USA. 
134 
D o m , P.B. and van Compemolle, R. (1995). Effluents. Ln: Fundamentals ofAquatic 
Toxicology: Effects, Environmental Fate, and Risk Assessment. 2"^ edition. 
(Edited by Rand, G.M.), p.903-937. Taylor and Francis, Washington, DC. 
Ellis, J. (1995). Scouring, Enzymes and Softeners. In: Chemistry ofthe Textiles Industry. 
(Edited by Carr C.M.), p.249-275. Chapman and Hall, Cambridge. 
Giesy, J.P. (1980). Microcosms in Ecological Research. U.S. Department of Energy, 
Washington, DC. 
Giesy, J.P., and Allred, P.M. (1985) Replicability of aquatic multispecies test system. 
Jn: Multispecies Toxicity Testing (Edited by Caims, J.Jr), p. 187-247. Pergamon 
Press, New York. 
Hong Kong Fish Marketing Organization (1977). Sea Life around Hong Kong. Hong 
Kong Government, Hong Kong. 
Hong Kong Government Environment Protection Department (1993). Second Review of 
the 1989 White Paper: Pollution in Hong Kong 一 A Time to Act Hong Kong 
Government, Hong Kong. 
Hong Kong Government Environmental Protection Department (1991). Technical 
Memorandum Standards for Effluents Discharged into Drainage and Sewerage 
Systems, Inland and Coastal Waters. Hong Kong Government, Hong Kong. 
Hong Kong Government Industry Department (1993). Support to Industry on 
Environmental Matters. Hong Kong Government, Hong Kong. 
Hong Kong Government Lidustry Department (1994). Handy Reference Book for 
Bleachers and Dyers. Hong Kong Government, Hong Kong. 
Hong Kong Government Industry Department (1995). Design Manual for Textile 
Bleaching and Dyeing Industry. Hong Kong Government, Hong Kong. 
135 
Hong Kong Government Mustry Department (1996). 1996 Hong Kong's Manufacturing 
Industries. Hong Kong Government, Hong Kong. 
Homing, R.H. (1978). Textile Dyeing Wastewaters: Characterization and Treatment. 
U.S. Department of Commerce, National Technical Information Service, USA. 
Jaeger, I., Gartiser, S.，and Willmund, R. (1996). Testing effluents ofthe textile refming 
industry with biological methods. Acta Hydrochimica et Hydrobiologica 24: 22-
30. 
Lamberson, J.0., DeWitt, T.H.，and Swartz, R.C. (1992). Assessment of sediment 
toxicity to marine benthos. In: Sediment Toxicity Assessment. (Edited by Burton, 
G.A.Jr.), p.183-212. Lewis Publishers, Boca Raton. 
Linet, M.S., McLaughlin, J.K., Malker, H.S.R.，Chow, W.H., Weiner, J.A., Stone, B.J. 
Erricsson, J.L.E., and Fraumeni, J.F.Jr. (1994). Occupation and hematopoietic 
and lymphoproliferative malignancies among women: A linked registry study. 
Journal of Occupational Medicine 36: 1187-1198. 
Lockerbie, M . (1994). The origin and composition of textile trade effluent. Symposium 
on Textile Industry Trade Effluents. Listitute of Water and Environmental 
Management. Rochdale, U K . 
Luce, D.，Leclerc, A.，Mame, MJ., Germin, M., Casal, A.，and Brugere, J. (1991). 
Sinonasal cancer and occupation: A case-control study. Revue d 'Epidemiologie et 
de Sante Publique 39: 7-16. 
Matisova, E., and Skrabakova, S. (1995). Carbon sorbents and their utilization for the 
preconcentration of organic pollutants in environmental samples. Journal of 
ChromatographyAl^l'.U5-ll9. 
136 
Merletti, F., Boffetta, P., Ferro, G., Pisani, P., and Terrascini, B. (1991). Occupation and 
cancer of the oral cavity or oropharynx in Turin, Italy. Scandinavian Joumal of 
WorkEnvironment andHealth 17: 248-254. 
Microbics Corporation (1995). Microtox® Operation Manual 1995 edition. Carlsbad, 
USA. 
Mount, D.L, (1988). Methods for Aquatic Toxicity Identification Evaluations: Phase III 
Toxicity Confirmation Procedures. EPA/600/3-88-036. United States 
Environmental Protection Agency. Duluth, M N . 
Mount, D.L, and Anderson-Camahan, L. (1988a). Methods for Aquatic Toxicity 
Identification Evaluations: Phase I Toxicity Characterization Procedures. 
EPA/600/3-88-034. United States Environmental Protection Agency. Duluth. 
Mount, D.I., and Anderson-Camahan, L. (1988b). Methods for Aquatic Toxicity 
Identification Evaluations: Phase II Toxicity Identification Procedures. 
EPAy'600/3-88-035. United States Environmental Protection Agency. Duluth. 
Munkittrick, K.R., and Power, E.A. (1991). The relative sensitivity of Microtox®, 
daphnid, rainbow trout, and fathead minnow acute lethality tests. Environmental 
Toxicology and Water Quality 6:35-62. 
Niederlehner, B.R., Pratt, J.R., Buikema, A.LJr., and Caims, J.Jr. (1986). Comparisons 
of estimates of hazard derived at three levels of complexity. In: Community 
Toxicity Testing. (Edited by Caims, J.Jr.), p.30-48. STP920. American Society 
for Testing and Materials. Philadelphia. 
Nolan, W.F. (1972). Analysis of Water Pollution Abatement in the Textile Industry. 
MSc. Thesis, Clemeson University, Clemson. 
137 
Norberg-King, TJ., Mount, D.L, Durhan, EJ., Ankley, G.T., Amato, J.R., Lukasewycz, 
M.T., Schubauer-Berigan, M.K., and Anderson-Camahan, L. (1991). Methods 
for Aquatic Toxicity Identification Evaluations: Phase I Toxicity Characterization 
Procedures. 2"^ edition. EPAy^600/6-91/003. United States Environmental 
Protection Agency. Duluth. 
Nyholm, N. (1985). Response variable in algal growth inhibition tests - Biomass or 
growth rate? Water Research 19:273-279. 
Organization for Economic Co-operation and Development (1981). Emission Control in 
the Textile Industry. Organization for Economic Co-operation and Development. 
Paris. 
Perez, K.T., and Morrison, G.E. (1985). Environmental assessments from simple test 
systems and a microcosm: Comparison of monetary costs. Li: Multispecies 
Toxicity Testing. (Edited by Caims, JJr.), p.89-95. Pergamon Press, N e w York. 
Pontasch, K.W. and Caims, JJr. (1991). Multispecies toxicity tests using indigenous 
organisms: Predicting the effects of complex effluents in streams. Archives of 
Environmental Contamination and Toxicology 20:103-112. 
Pontasch,K.W., and Caims, J.Jr. (1989). Establishing and maintaining laboratory-based 
microcosms of riffle insect communities: Their potential for multispecies toxicity 
tests. Hydrobiologia 175:49-60. 
Porter, J.J. (1970). The changing nature of textile processing and waste treatment 
technology. Textile Chemistry and Colorage. 2:330. 
Pollution Research Group (1983). A Guide for the Planning, Design and Implementation 
of Wastewater Treatment Plants in the Textile Industry. Pollution Research 
Group, Pretoria. 
138 
Reish, D.J, (1988). The use of toxicity testing in the marine environmental research. Ln: 
Marine Organisms as Indicators. (Edited by Soule, D.F. and Kleppel, G.S.), 
p.34-42. G.S. Springer-Verlag, New York. 
Roman, E., Beral, V., Sanjose, S., Schilling, R., and Watson, A. (1991). Pernicious 
anemia in the textile industry. British Journal of Industrial Medicine 48: 348-352. 
Shaham, J., Melzer, A., Kaufman, Z., and Ribak, J. (1996). Occupation and bladder 
cancer. Harefuah 131: 382-386. 
Skoog, D.A., and Leary, J.J. (1992). Emission Spectroscopy based upon plasma, arc, and 
electrothermal atomization. In: Principles ofInstnicmental Analysis, p. 233-251. 
4th edition. Saunders College Publishing, USA. 
Smith, B. (1992). Reducing pollution in wrap sizing and desizing. Textile Chemistry 
and Colorage 24(6):30. 
Snowden-Swan, LJ. (1995). Pollution Prevention in the Textile Mustries. ki: Industrial 
Pollution Prevention Handbook. (Edited by Freeman H.M.), p.829-845. 
McGraw-Hill, Inc., New York. 
SPSS Incorporation (1997) SPSS base 7.5 Applications Guide. SPSS Incorporation, 
Chicago. 
Stephan, C.E., Mount, D.I., Hansen, D.J., Gentile, J.H., Chapman, G.A., and Brung, W.A. 
(1985). Guidelines for Deriving Numerical National Water Quality Criteria for 
the Protection of Aquatic Organisms and their Uses. Office of Research and 
Development, United States Environmental Protection Agency, Duluth. 
Swartz, R.C. (1987). Toxicological methods for determining the effects of contaminated 
sediment on marine organisms. In: Fate and Effects of Sediment-bound 
Chemicals in Aquatic Systems. (Edited by Dickson, K.L., Maki, A.W., and 
Brungs, W.A.), p.183-198. Pergamon Press, Oxford. 
139 
Tuchsen, F., Bach, E., and Marmot, M . (1992). Occupation and hospitalization with 
ischaemic heart diseases: A new nationwide surveillance system based on hospital 
admissions. International Journal of Epidemiology 21: 450-459. 
United States Environmental Protection Agency (1985). Technical Support Document 
for Water Quality-Based Toxics Control EPA;'440/4-85-032. Office of Water, 
Washington. 
United States Environmental Protection Agency (1986). Quality Criteria for Water. 
EPA 440/5-86-601. Office ofWater, Washington. 
United States Environmental Protection Agency (1991). Technical Support Document 
for Water Quality-Based Toxics Control EPA-505/2-90-001. Office of Water, 
Washington. 
Walsh, G.E., and Alexander, S.V. (1980). A marine algal bioassay method: Results with 
pesticides and industril wastes. Water, Air and Soil Pollution 13:45-55. 
Weber, C.I. (1993) Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms. 4'^  edition. EPA/600/4-
90/027F, United States Environmental Protection Agency, Cincinnati. 
Wharfe, J.R., and Tinsley, D. (1995). The toxicity-based consent and the wider 
application of direct toxicity assessment to protect aquatic life. Joumal of the 
Institution of Water and Environmental Management 9:526-530. 
William, L.G., Chapman, P.M., and Girm, T.C. (1986). A comparative evaluation of 
marine sediment toxicity using bacterial luminescence, oyster embryo and 
amphipod sediment bioassays. Marine Environmental Research 19:225-249. 
Wren, MJ., and McCarrol, D. (1990). A simple and sensitive bioassay for the detection 
of toxic materials using a unicellular green alga. Environmental Pollution 64:87-
91. 
140 
Zheng, W., McLaughlin, J.K., Gao, Y.T., Silverman, D.T., Gao, R.N., and Blot, W.J. 
(1992). Bladder cancer and occupation in Shanghai. American Journal of 




圓11隱 saLjejqtn >iHn3 
